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ABSTRACT
The developm ent o f  a  method o f  d e te rm in a tio n  o f  se len ium  
fo r  p r a c t i c a l  and s e n s i t i v e  a n a ly se s  has b een  needed f o r  some tim e . 
The method developed  h e re  c o n v e r ts  se len iu m  to  th e  h y d rid e  i n  a 
s t ro n g ly  a c id ic  medium. The se len iu m  h y d rid e  i s  removed a s  a  gas 
and a f t e r  d ry in g , c o n c e n tra te d  by f re e z in g  in  l iq u id  n i t r o g e n .
The se len iu m  h y d rid e  i s  th e n  r e v o l a t i l i z e d  in to  a f la m e le s s  
a to m iz e r  and m easured by an  a tom ic  a b s o r p t io n  sp ec tro p h o to m e te r .
A se len iu m  dem ountable ho llow  c a th o d e  was a ls o  c o n s tru c te d ,  w hich 
could  b e  o p e ra te d  a t  c u r r e n ts  up to  100 mA, th u s  a llo w in g  a t  
l e a s t  a  te n - f o ld  in c r e a s e  in  s ig n a l  to  n o is e  r a t i o .
T h is  app roach  t o  th e  d e te rm in a tio n  o f  se len iu m  p ro v id e s  
extrem e s e n s i t i v i t y  and can  be  u sed  to  d e te rm in e  se len iu m  in  
aqueous sam ples i n  th e  0 .1  to  1 .0  p a r t s  p e r  b i l l i o n  ra n g e . The 
method i s  s e n s i t i v e ,  r e l i a b l e ,  s e l e c t i v e ,  and re p ro d u c ib le .  I t  
shou ld  be  o f  u se  e s p e c ia l l y  in  w a te r  p o l lu t io n  s tu d ie s  w here a 
maximum l i m i t  o f  10 .0  p a r t s  p e r  b i l l i o n  has been  s e t  by 
th e  P u b lic  H ea lth  S e rv ic e .
ix
CHAPTER I
THE CONCENTRATION AND DETERMINATION OF 
MICRO QUANTITIES OF SELENIUM
I n tr o d u c t io n
I n  to d a y 1s w orld  o f  complex v a r ia b le s  and chang ing  tre n d s  
t h e r e  seems t o  b e  one t re n d  w hich h as  b e en  c o n s is te n t  o v e r th e  
l a s t  few y e a r s :  th e  In c re a se d  r e c o g n i t io n  o f  th e  im p o rtan ce  o f
p e o p le  and th in g s  t h a t  a r e  i n  th e  m in o r i ty .  T h is tre n d  I s  a ls o  
t r u e  w ith  e lem en ts  and compounds w hich a re  b e in g  s tu d ie d .  Thus, 
o n ly  in  r e c e n t  y e a r s  have begun to  s tu d y  i n  d e t a i l  many 
o f  th e  e lem en ts  and compounds t h a t  e x i s t  a t  v e ry  low c o n c e n tr a t io n  
le v e l s  in  th e  s o i l ,  w a te r , and a i r .  Such i s  th e  case  fo r  
se len iu m .
S elenium  i s  w id e ly  d i s t r i b u t e d  i n  th e  e a r t h 's  c r u s t  a t  
a  c o n c e n tra t io n  o f  abou t 0 .0 9  Ppm1. I t  i s  p re s e n t  a l s o  i n  o u r 
a tm osphere , w a te r ,  and many forms o f  v e g e ta t io n 2 . Many p la n t s  
r e q u i r e  se len iu m  f o r  t h e i r  grow th3 , and i t  may a ls o  s e rv e  a s  
a  d i e t a r y  n u t r i e n t  f o r  a n im a ls4 *5 . D e sp ite  i t s  im portance  t o  
p la n t s  and a n im a ls , se len iu m  i s  c o n s id e re d  to  be c a rc in o g e n ic  and 
i s  known to  be t o x i c 4. The e lem ent se len iu m  can be t r a c e d  from  i t s  o r ig in  
i n  th e  e a r t h 's  c r u s t  to  i t s  d i s t r i b u t i o n  in  p la n ts  w hich r e q u i r e  
th e  elem ent f o r  t h e i r  grow th , to  i t s  a ccu m u la tio n  i n  v e g e ta t io n ,  
and to  i t s  su b seq u en t t o x i c i t y  to  b i r d s ,  mammals and o th e r  
an im a ls  t h a t  consume th e  s e le n l f e r o u s  fo o d s .
The '^ a lk a li  d is e a s e "  produced by selen ium  has been  ob­
se rv e d  in  numerous g e o g ra p h ic a l lo c a t io n s .  The d is e a s e  i s  
c h a r a c te r iz e d  by  lo s s  o f  h a i r  and d e fo rm a tio n  o f  th e  hoofs o f  
c a t t l e ,  hogs, and h o rse s  t h a t  have consumed even m oderate  amounts 
o f  s e le n i f e r o u s  p la n ts *  The term  a l k a l i  d is e a s e  was used by th e  
e a r ly  s e t t l e r s  o f  th e  w e s te rn  U n ited  S ta te s ,  who e rro n e o u s ly  b e ­
l ie v e d  th e  a ilm e n t to  be  caused  by th e  a l k a l i n i t y  o f  m in e ra l s a l t s  
i n  th e  s o i l  and w a te r .  C hron ic  s e le n o s i s ,  re sem b lin g  a l k a l i  
d is e a s e  i n  l iv e s to c k  and cau s in g  m a lfo rm atio n s  i n  ch ick en s  and 
lo s s  o f  h a i r  and n a i l s  o f  p e o p le , was re p o r te d  i n  Colum bia,
S outh  America a s  e a r ly  as  1560. T here  w ere a ls o  r e p o r ts  o f  th e  
o ccu ren ce  o f  f a t a l i t i e s  r e s u l t i n g  from  th e  in g e s t io n  o f  s e le n if e r o u s  
p l a n t s  a t  F o r t  R a n d a ll, South  D akota. Acute and c h ro n ic  p o iso n in g  
o f  unknown o r i g i n  i n  th e  w e s te rn  U n ited  S ta te s ,  w hich was a t t r i ­
b u te d  to  p o iso n o u s  fo ra g e  p la n t s ,  has b een  f a t a l  to  numerous c a t t l e  
and sheep  on th e  g ra z in g  ra n g e s . F o r exam ple, d u r in g  th e  summers 
o f  1907 and 1908 more th a n  15,000 sheep  d ied  a t  M edicine Bow, 
Wyoming. The d e a th s  w ere a t t r i b u t e d  to  th e  consum ption  o f  woody 
a s t e r  and G ra y 's  v e tc h 6 , b o th  o f  w hich a re  now known to  be 
s e le n i f e r o u s .
The t o x i c i t y  o f  se len ium  i s  com parable to  th a t  o f  a r s e n ic .  
Selenium  i s  one o f  th e  few elem en ts known to  be abso rbed  by food 
and fo ra g e  p la n t s  i n  s u f f i c i e n t  q u a n t i ty  to  be a b le  to  c r e a te  a  
t o x i c i t y  hazard  to  a n im a ls . A cute selen ium  p o iso n in g  may o ccu r
as a result of Ingestion, usually In a single feeding, of a 
sufficient quantity of highly seleniferous plants. Very severe 
symptoms are produced, and in many cases death follows within 
a few hours. The circulatory system carries selenium to all or­
gans of the body. In the case of acute poisoning the blood, 
liver, kidneys, brain, and spleen have the greatest concentrations 
of selenium. The bones, muscles, skin, hair, and other parts 
usually contain trace amounts. There have been reports9 of k-25  
ppm in the liver, kidneys and spleen, and 7-27 PP® in the blood.
I t  i s  re c o g n ize d  in  g e n e ra l  t h a t  d i e t a r y ,  chem ica l and 
p h y s ic a l  f a c to r s  may i n t e r f e r e  w ith  re p ro d u c t io n  o f  em bryonic d e v e l­
opment o f  a n im a ls5. Numerous in v e s t ig a to r s  have c a l le d  a t t e n t i o n  to  
th e  s ig n i f ic a n c e  o f  se len iu m  i n  r e p ro d u c tio n , d e c rea se d  f e r t i l i t y ,  
and m a lfo rm a tio n s  i n  v a r io u s  s p e c ie s  o f  a n im a ls . T here  i s  no 
p r e s e n t  in fo rm a tio n  re g a rd in g  lo s s  caused  by th e  e f f e c t s  o f  se len iu m  
on r e p ro d u c t io n  i n  l iv e s to c k .  Toxic and su b to x ic  amounts o f  
se len iu m  may e f f e c t  f e r t i l i t y  and re p ro d u c t io n  o f  an im a ls  th ro u g h  
e i t h e r  p rim ary  o r  seco n d ary  i n h i b i t i o n  e f f e c t s .  The p rim ary  
e f f e c t  r e s u l t s  from th e  in te r f e r e n c e  o f  se len ium  w ith  c r i t i c a l  
oxygen re q u ire m e n ts . T h is  in t e r f e r e n c e  cou ld  le ad  to  reduced  
f e r t i l i t y  and re p ro d u c tio n , even  in  low g ra d e  c h ro n ic  s e le n o s l s .
The seco n d ary  e f f e c t  o f  c h ro n ic  s e le n o s ls  i s  e m a c ia tio n .
C o n cep tion  can n o t ta k e  p la c e  i n  em acia ted  a n im a ls . 9
T here  have b een  a  v a s t  number o f  in v e s t ig a t io n s  
co n ce rn in g  th e  p o iso n in g  o f  a n im a ls , b u t  th e  im p o rtan ce  o f  se len iu m
w ith  r e s p e c t  to  humans has gone v i r t u a l l y  u n n o tic e d . The p o s s i b i l i t y  
o f  human in ju r y  from  th e  consum ption  o f  g r a in s ,  v e g e ta b le s ,  eg g s , 
d a i r y  p ro d u c ts , and m eats in c r e a s e s  th e  s ig n i f ic a n c e  o f  se len ium  
t o x i c i t y .  R esearch  on th e  so u rc e s  o f  se len iu m  to  w hich  man i s  
exposed has e s ta b l i s h e d  th e  f a c t  t h a t  th e r e  i s  a w ide o c c u rre n c e  o f  
se len iu m  in  feed s  consumed by a n im a ls . I t  i s  g e n e r a l ly  b e lie v e d  
t h a t  a  c o n c e n tr a t io n  o f  5 ppm in  m ilk  o r  w a te r  could  p re s e n t  some 
dan g er to  c h i ld r e n 9. Smith and W e s t f a l l10 have re p o r te d  t h a t  eggs, 
m eat and m ilk  c o n ta in  s i g n i f i c a n t  amounts o f  se len ium  i n  s e le n if e r o u s  
re g io n s  o f  th e  U n ite d  S ta te s .  The c o n c e n tra t io n  o f  se len iu m  in  
w heat and o th e r  g r a in s  i s  o f  s p e c ia l  i n t e r e s t  b ecau se  o f  th e  w id e­
sp re ad  u se  o f  th e s e  g ra in s  i n  b r e a k f a s t  fo o d s . The a v e rag e  Am erican 
consumes abou t 160 pounds o f  w heat p ro d u c ts  each y e a r .  The problem  o f  
p u b l ic  h e a l th  h a z a rd s  caused  by se len iu m  i s  n o t co n fin ed  to  th e  U nited  
S t a t e s ,  however, s in c e  t h i s  c o u n try  e x p o rts  g ra in s  to  v a r io u s  p a r t s  
o f  th e  w o rld . A lthough  to x ic  g r a in  i s  d i lu te d  w ith  n o n - to x ic  g r a in  
d u rin g  s to ra g e  and m i l l in g  p ro c e s s e s ,  and i n  w e ll  b a lan c e d  d i e t s  th e  
consum ption o f  b re a d  and c e r e a l s  i s  l im i te d ,  th e re  i s  a  p o s s i b i l i t y  
t h a t  harm fu l e f f e c t s  cou ld  o c cu r i n  in d iv id u a ls  who consume la rg e  
amounts o f  b read  and c e r e a l  p ro d u c ts  o r  who may have c h ro n ic  k id n ey  
o r  l i v e r  d is e a s e s .
The se len iu m  c o n te n t o f  d r in k in g  w a te r  i s  o n ly  in  r a r e  i n ­
s ta n c e s  h igh  enough t o  p roduce to x ic  e f f e c t s  in  man. However, a r e c e n t  
r e p o r t 11 in d ic a te d  t h a t  w e ll w a te r  o b ta in e d  a t  a d ep th  o f  140 f e e t
from th e  W asatch g e o lo g ic a l  fo rm a tio n  co n ta in ed  ap p ro x im a te ly  9 ppm 
and produced c h ro n ic  se le n o u s  i n  humans. T h is  d isc o v e ry  i s  th e  f i r s t  
r e p o r t  o f  th e  se len iu m  c o n c e n tra t io n  i n  w a te r  b e in g  h ig h  enough to  p ro ­
duce c h ro n ic  symptoms i n  humans s im i la r  to  a l k a l i  d is e a s e  in  l iv e s to c k .
Selenium  has b een  d e te c te d  i n  u r in e  sam ples from I n d u s t r i a l  
w orkers i n  R o c h e s te r , New Y ork12. A lthough th e r e  i s  no se len iu m  in  
th e  s o i l  in  su rro u n d in g  a re a s  and w o rk ers  had had no re c e n t  ex p o su re  to  
se len iu m , some se len iu m  was found . When random sam ples w ere c o l le c te d  
from 60  p e o p le , ap p ro x im a te ly  sev e n ty  p e rc e n t o f  th e  sam ples c o n ta in ed  
a t  l e a s t  t r a c e s  o f  se len iu m . The c o n c e n tra t io n  ranged  from a t r a c e  to  
0 .0 2 5  ppm. In  a n o th e r  s tu d y , se len iu m  was de term ined  in  d a i ly  c o l l e c ­
t io n s  o f  u r in e  f o r  fo u r  c o n se c u tiv e  d a y s . T h is  s tu d y  showed t h a t  th e  
u r in a ry  e x c r e t io n  p e r  day c o n ta in e d  from 0 ,0 2  to  0 ,1  ppm o f  se len iu m . 
T h is r a t e  o f  e x c r e t io n  was c o n s ta n t .  A d d itio n a l s t u d i e s 12 w ere made 
to  d e te rm in e  th e  p o s s ib le  so u rc e s  o f  se len iu m . I t  was shown th a t  
b leach ed  f lo u r  and b read  c o n ta in e d  from 0 ,2 6  to  0 .5 5  PPn> o f  se le n iu m ;12 
ry e  b read  and c racked  w heat b read  0 .5 9  and 0 .5 7  ppm r e s p e c t iv e ly .
F u r th e r  h e a l th  h aza rd s  a r e  c re a te d  from th e  in c re a s e d  u se  o f  
se len iu m  in  i n d u s t r i a l  p ro c e s s e s .  T here  a re  two ty p e s  o f  in d u s t r i e s  
w hich a r e  in v o lv e d : th o s e  t h a t  e x t r a c t ,  m ine, t r e a t ,  o r  p ro c e ss
se le n iu m -b e a rin g  m in e ra ls  and th o s e  m an u factu red  p ro d u c ts  in  w hich 
se len iu m  i s  u s e d . I n  th e  chem ical in d u s t ry  se len iu m  i s  used in  th e  
m an u fac tu re  o f  v u lc a n iz e d  ru b b e r , r e c t i f i e r s ,  pho to  c e l l s ,  s ig n a l  
l i g h t s  and Xerox m ach ines.
Selenium  and i t s  compounds p re s e n t  a  p o t e n t i a l  h aza rd  any
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t im e  th ey  a r e  u sed  i n  th e  ch em ica l in d u s t r y 13*14. The e x te n t  o f  th e  
h a z a rd  depends h e a v i ly  upon th e  ty p e s  o f  se len iu m  compounds w hich a re  
form ed in  th e  p ro c e s s e s .  D u s ts , such a s  t h a t  o f  e le m e n ta l se len iu m , 
may be  o f  such  co m p o sitio n  t h a t  no s o lu b le  se len iu m  compound i s  p ro ­
duced upon in h a la t io n .  S o lu b le  d u s ts ,  such as se len iu m  d io x id e , 
se len iu m  t r i o x i d e ,  and c e r t a i n  ha lo g en  compounds cou ld  p rove  to  be 
t o x ic  because  o f  th e  ease  w i th  w hich th e y  a r e  absorbed  by th e  t i s s u e s  
o f  th e  lungs and s k in .  Even more to x ic  a r e  v ap o rs  such  a s  hydrogen 
s e le n id e  and c e r t a i n  o rg a n ic  compounds such as m ethy l s e le n id e ,  e th y l  
s e le n id e  and v a r io u s  a ro m a tic  s e le n id e s .  I n d u s t r ie s  w hich u se  
se len iu m  d io x id e , se len iu m  t r i o x i d e ,  sodium s e l e n i t e  and sodium  s e le n a te  
sh o u ld  keep th e  c o n c e n tr a t io n  below  1 .0  mg p e r  cu b ic  m eter o f  a i r 15.
The ex p o su re  o f  g u in e a  p ig s  to  hydrogen  s e le n id e  a t  a  con­
c e n t r a t i o n  o f  0 .0 0 1 -0 .00U mg p e r  l i t e r  r e s u l t e d  in  a d e a th  r a t e  o f  50 
p e rc e n t  w i th in  30 d a y s . The exposu re  o f  humans to  hydrogen s e le n id e  
p ro d u ces  an  im m ediate and d r a s t i c  e f f e c t .  A lthough i t  has an  o f f e n s iv e  
od o r s im i la r  to  t h a t  o f  hydrogen  s u l f i d e ,  b ecau se  o f  o l f a c to r y  f a t ig u e ,  
to x ic  c o n c e n tra t io n s  may n o t  b e  d e te c te d  a f t e r  p ro longed  expo su re  to  
th e  g a s . A c o p iu s  flow  o f  t e a r s  and n a s a l  mucus i s  u s u a l ly  p roduced 16 
from  exposure  to  h igh  c o n c e n tr a t io n  o f  th e  g a s . The American co n fe ren ce  
o f  Government I n d u s t r i a l  H y g ie n is ts  has g iv e n  a  th re s h o ld  l im i t  o f  0 .0 5  
ppm se len iu m  o r  0 .2  mg p e r  c u b ic  m ete r o f  a i r  f o r  hydrogen s e le n id e .
S e lenous a c id  i s  r e a d i ly  formed from se len ium  d io x id e  and 
sodium  s e l e n i t e .  I t  i s  one o f  th e  more to x ic  compounds o f  se len iu m  and 
can  p e n e t r a te  th e  s k in  r e a d i l y ,  p roducing  i r r i t a t i o n  and in f la m a tio n .
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Upon e x p o su re  to  se le n iu m  d io x id e  d u s t ,  one may e x p e r ie n c e  s e v e re  
d e r m a t i t i s 17, in flam m atio n  o f  n a i l  b ed s  due to  th e  p e n e tr a t io n  o f  th e  
d io x id e  u n d e r th e  n a i l s 18, b u rn in g  o f  th e  eyes and a l l e r g i c  r e a c t io n s  
in  th e  e y e s 18. When Se02 d u s t comes in to  c o n ta c t  w ith  th e  m o is t 
s u r fa c e s  o f  th e  s k in  i t  i s  r a p id ly  co n v erted  to  se le n o u s  a c id ; th u s ,  
th e  t o x i c i t y  i s  g r e a t l y  in c re a s e d . C utaneous d is o r d e r s  i n  w orkers 
h a n d lin g  Se02  have shown th a t  th e  s e l e n i t e  io n  i s  re s p o n s ib le  f o r  th e  
t o x i c i t y .  The long te rm  e f f e c t  i s  p o s s ib le  r e n a l  and l i v e r  damage. 
C ontinued  exposure t o  d u s t  and g a se s  i n  th e  a i r  a l s o  may produce 
f i b r o s i s  i n  th e  lu n g s .
Waste d i s p o s a l  o f  se len iu m  compounds i s  a  s e r io u s  problem * 
B urning  r e f u s e  n a t u r a l l y  co n v e rts  se len iu m  c o n ta in e d  in  th e  m a te r i a l  to  
th e  to x i c  Se02 . I f  t h e  m a te r ia l  i s  dumped th e r e  i s  th e  danger o f  con­
ta m in a tio n  o f  ground w a te rs  and r i v e r s .  R ec la im a tio n  o f  se len iu m  fo r  
f u r th e r  u s e  would b e  v e ry  d i f f i c u l t  a t  t h i s  tim e  b ecau se  i t  i s  so 
w id e ly  d is p e r s e d .
The p re se n c e  o f  selen ium  i n  c ig a r e t t e  p a p e rs  as re p o r te d  by 
W est19 em phasized th e  s e r io u sn e s s  o f  th e  se len ium  problem .
I t  i s  im p o r ta n t  to  n o te  t h a t  se len ium  i s  th e  f i r s t  known 
to x ic  m a te r i a l  to  b e  p re s e n t  u n iv e r s a l ly  in  c i g a r e t t e  p a p e rs . B ecause 
o f  th e  known t o x i c i t y  o f  selenium  and because  o f  th e  c a rc in o g e n ic i ty  o f  
in g e s te d  se len ium , i t  i s  easy to  s e e  why lung c a n c e r  and emphysema a re  
g r e a te r  among sm okers th a n  non-sm okers. The h a za rd s  o f  b u rn in g  la rg e  
q u a n t i t i e s  o f  p ap er and d is c h a rg in g  o f  th e  r e s u l t i n g  com bustion p ro ­
d u c ts  i n t o  th e  a tm osphere  should b e  c o n s id e re d .
M ost o f  th e  p re s e n t  m ethods fo r  th e  d e te rm in a tio n  o f  selen ium  
a r e  tim e consum ing, r e q u ire  c a r e f u l  c o n tro l  o f  pH, and u se  s o lu t io n s  
w hich a re  g e n e r a l ly  u n s ta b le .  The p re s e n t  s tu d y  was u n d e rta k e n  w ith  
th e  in te n t io n  o f  develop ing  a  method fo r  d e te rm in in g  subm icrogram  
q u a n t i t i e s  w i th  th e  s e n s i t i v i t y  and accu racy  needed i n  t r a c e  a n a ly s i s .  
The method m u st a l s o  be r a p id  and r e l i a b l e .
CHAPTER II
PRESENT METHODS FOR THE DETERMINATION OF SELENIUM
A. C a ta ly t i c  Methods
The u se  o f  c a ta ly z e d  and induced  r e a c t io n s  i n  m ic ro ch em ica l 
and t r a c e  a n a ly s is  i s  in c re a s in g  i n  im p o rtan c e . These m ethods a re  
n o ted  f o r  t h e i r  s e n s i t i v i t y  and s e l e c t i v i t y  and may be s p e c i f i c  w ith  
a p p ro p r ia te  c o n d it io n in g  p ro c e d u re s .
Kawashima and Tanaka20 have proposed  a  p ro ced u re  f o r  th e  
d e te rm in a tio n  o f  se len iu m  by th e  c a t a l y t i c  r e d u c t io n  o f  1 ,4 ,6 ,1 1 -  
te tra a z a n a p h th a c e n e . T h is  method i s  v e ry  s e n s i t i v e ,  b u t s e v e r a l  io n s  
in c lu d in g  te l lu r iu m  may cau se  an i n t e r f e r e n c e .  A h ig h ly  s e n s i t i v e  sp o t 
t e s t  fo r  se len iu m  b ased  on th e  c a t a l y t i c  e f f e c t  o f  e lem en ta l se len iu m  
on th e  r e d u c t io n  o f  m e th y len e  b lu e  by sodium s u l f i t e  was developed  by 
F e ig l  and West21 . The method i s  r a p id ,  s e n s i t i v e  and e s s e n t i a l l y  
s p e c i f i c .  No ex p en s iv e  equipm ent i s  re q u ire d  and any com petent ch em ist 
can make th e  d e te rm in a tio n  w ith o u t b e in g  t r a in e d .  Only co p p er i n t e r f e r e s  
and , i f  p r e s e n t ,  i t  can  b e  removed by sim p le  ch em ica l t re a tm e n t .
B. Ring Oven Method
The r in g  oven i s  a  v e ry  s im p le  a p p a ra tu s  w hich has demon­
s t r a t e d  u s e fu ln e s s  f o r  th e  d e te c t io n  and d e te rm in a tio n  o f  v a r io u s  
e lem en ts  by chem ical m ethods w here o n ly  m icro  q u a n t i t i e s  o f  sam ple a r e  
a v a i l a b le .  C o n c e n tra tio n  and s e p a ra t io n  o f  sam ples a r e  done on th e  
r in g  oven. N orm ally , no sam ple p r e p a r a t io n  i s  r e q u ire d  b e fo re  p la c in g  
th e  sam ple on th e  r in g  ov en . O rganic re a g e n ts  a r e  u s u a l ly  re q u ire d  to
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d ev elo p  a  c o lo re d  r in g .
gg
The fo llo w in g  method was developed  by West and Clmmennan .
I t  I s  f o r  a i r  sam ples b u t  can  e a s i l y  be  used  f o r  w a te r  sam p les .
The sam ple I s  c o l le c te d  on f i l t e r  p a p e r and p la c e d  on th e  
r in g  oven . A b u f f e r  s o lu t io n  I s  added and th e  c o lo r  I s  developed  by 
add ing  1 p e rc e n t  3 ,3~<3ia® inobenzidine h y d ro c h lo r id e , more b u f f e r ,  and 
f i n a l l y  d i s t i l l e d  w a te r .  A f te r  th e  t e s t  r in g  d ev elo p s  and s t a r t s  to  
s e p a r a te  from th e  w et s p o t ,  remove th e  f i l t e r  p a p e r by u s in g  fo rc e p s , 
and d ry  i t  i n  a  c u r r e n t  o f  c o o l a i r .  P la c e  t h e  d r ie d  p a p e r betw een 
two s h e e ts  o f  p a p e r and ru b  w ith  f in g e r s  to  c r e a te  a  un ifo rm  s u r f a c e s .  
F in a l ly ,  p la c e  th e  w ashing r in g  on th e  h o t r in g  oven , p la c e  th e  t e s t  
p a p e r on th e  w ashing r i n g ,  c e n te r  i t  c a r e f u l ly  and f i x  i t s  p o s i t io n  
w ith  th e  r e t a i n e r  r i n g .  Wash th e  t e s t  r in g  w ith  d i s t i l l e d  w a te r ,  i n ­
su r in g  t h a t  th e  wash w a te r  d i f f u s e s  w e l l  p a s t  th e  c o lo red  t e s t  r i n g .  
F in a l ly ,  d ry  th e  f i l t e r  p a p e r  i n  a  c u r r e n t  o f  c o o l a i r  and make i t s  
s u r fa c e  u n ifo rm  as  in d ic a te d  above. Compare th e  i n t e n s i t y  o f  th e  c i t r o n  
y e llo w  r in g  (a  p o s i t i v e  t e s t  o f  se len ium ) w ith  s ta n d a rd  r in g s  to  de­
te rm in e  th e  amount o f  se len iu m  in  th e  sam ple.
T h is  i s  a  s im p le  method w i th  th e  s e n s i t i v i t y  b e in g  abou t 
0 .1  ng o f  se le n iu m . I t  i s  f r e e  from m ost in te r f e r e n c e s  w hich a r e  o f  
any s ig n i f ic a n c e  in  a i r  o r  w a te r  p o l lu t i o n .
C. • T i t r i m e t r i c  M ethods
The io d o m e tr ic  p ro c e d u res  a r e  by f a r  th e  m ost s e n s i t i v e  and 
a c c u ra te  o f  a l l  o f  th e  t i t r i m e t r i c  p ro c e d u re s . A q u a n t i t a t i v e  sep a ­
r a t i o n  o f  se len iu m  from th e  o th e r  e lem en ts  i s  u s u a l ly  n e c e s sa ry  in
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o rd e r  to  r e a l i z e  th e  f u l l  p o t e n t i a l  o f  t h i s  m ethod.
K ein23  p roposed  an  io d o m e tr ic  method based  upon th e  d i s ­
t i l l a t i o n  o f  se len ium  as  SeBr4v fo llow ed  by p r e c i p i t a t i o n  o f  se len iu m  
and t i t r a t i o n  w ith  t h i o s u l f a t e .  T h is  i s  a  v e ry  p o p u la r  method fo r  th e  
d e te rm in a tio n  o f  se len ium  i n  p la n t s ,  w a te r , s o i l ,  ro c k s , an im al t i s s u e  
a n d u r in e  when th e  amount o f  se len ium  to  be de term ined  exceeds 0 .0 1  mg.
The sam ple i s  d ig e s te d  in  H2SO4 -HNO3 . D i s t i l l a t i o n  o f  
se len iu m  w ith  HBr and Br2  u s u a l ly  e f f e c t s  i t s  s e p a r a t io n  from a l l  o th e r  
e lem en ts  e x cep t a r s e n ic ,  t i n ,  germanium, antim ony and te l lu r iu m .
H2 Se03 +  l|-HBr -» SeBr4 +
Selenium  in  th e  d i s t i l l a t e  i s  in  th e  form o f  se le n o u s  a c id ,
SeBr4 + 3H2 0 -* H2Se03 4* bHBr
The se len iu m  can  th e n  be reduced  to  th e  e lem en ta l s t a t e  w ith  s u l f u r  
d io x id e  o r  hydroxylam ine h y d ro c h lo r id e
H2 Se03 +  2S0£ + HP0 -» Se +  2HPS04
o r
H2 Se03 +  2NH20H-HC1 -* Se +  N£0 +  hHs 0 +  2HC1
The p r e c ip i t a t e d  selen ium  i s  d is so lv e d  i n  a d i l u t e  s o lu t io n  o f
HBr-Br2 .
Se + 2Br2 +  3H;?0 H2 Se03 + Ij-HBr
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The t i t r a t i o n  ia  c a r r ie d  o u t by ad d ing  a s l i g h t  ex cess  o f  
s ta n d a rd  t h i o s u l f a t e  and f iv e  d ro p s  o f  s t a r c h  as  an  i n d i c a t o r .  The 
ex cess  t h i o s u l f a t e  i s  b ack  t i t r a t e d  w ith  a  s ta n d a rd  s o lu t io n  o f  
io d in e .
H2 Se03 H* ij-HBr +  l|-Na2S203 
Na2 S4 Se06 + Na2 S403 +  hNaBr +  3H20
2Na2 S203 *4 I 2 Na2S40g "4 2NaI
A nother m ethod, w hich i s  l e s s  p o p u la r  b u t has b een  u sed , i s  
th e  t i t r a t i o n  w ith  p o ta ss iu m  perm anganate  in  e i t h e r  a c id i c 24 o r  b a s ic  
s o lu t io n .  I t  i s  a l s o  p o s s ib le  to  d e te rm in e  se len ium  by a rg e n to m e tr ic  
t i t r a t i o n 2 6 .
D. G ra v im e tr ic  M ethods
I n  g ra v im e try  th e  se len iu m  i s  reduced  to  th e  e lem en t, u s u a l ly  
w ith  s u l f u r  d io x id e ,  c o l le c te d  by  f i l t r a t i o n ,  and su b se q u e n tly  w eighed. 
Goto and K a h ita 27 have proposed  th e  fo llo w in g  p ro c e d u re . The sam ple i s  
t r e a te d  w ith  5 nil o f  p e r c h lo r ic  a c id .  A d d itio n  o f  n i t r i c  a c id  may a ls o  
be n e c e s sa ry  to  com plete  d i s s o lu t io n .  I t  i s  th e n  fumed g e n t ly  to  remove 
any n i t r i c  a c id ,  coo led  and d i lu te d  to  100 ml w ith  9 N h y d ro c h lo r ic  
a c id .
I t  has been  re p o r te d  by Goto and Ogawa20 t h a t  se len iu m  may be 
p r e c ip i t a t e d  q u a n t i t a t i v e ly  from s o lu t io n s  t h a t  c o n ta in  5 ml o f  con­
c e n tr a te d  s u l f u r i c  a c id  p e r  ml o f  ^  N to  9 N h y d ro c h lo r ic  a c id .
d e S a la s29 has used a com bination  o f  s u l f u r  d io x id e  and
15
hydroxylam ine h y d ro c h lo r id e  to  re d u c e  se len iu m , from e i t h e r  se lenous 
o r  s e le n ic  a c id ,  f o r  th e  g ra v im e tr ic  d e te rm in a tio n  o f  s e le n iu m .
T h i r ty  m i l l i l i t e r s  o f  c o n c e n tra te d  h y d ro c h lo r id e  a c id  s a tu r a te d  w ith  
s u l f u r  d io x id e  i s  added to  50 nil o f  s o lu t io n  fo llow ed  by 1 m l o f  20 
p e rc e n t hydroxy lam ine  h y d ro c h lo r id e . The s o lu t io n  i s  a llo w ed  to  s tan d  
f o r  s e v e r a l  h o u rs  to  com plete th e  p r e c i p i t a t i o n  b e fo re  f i l t r a t i o n .
I n  a l l  o f  th e s e  p ro c e d u re s , th e  re d  se len ium  on th e  f i l t e r  i s  washed 
th o ro u g h ly  f i r s t  w ith  9 N h y d ro c h lo r ic  a c id  and th en  w ith  w a te r  a t  
room te m p e ra tu re  b e fo re  b e ing  c o n v e rted  to  th e  b la c k  form f r e e  o f  im­
p u r i t i e s .  The sam ple  i s  d r ie d  a t  105 d eg rees  C e n tig ra d e  f o r  1 hour, 
o r  to  c o n s ta n t w e ig h t.
S u lfu r  d io x id e  has an  advan tage  o v e r many o f  th e  s tro n g e r  
re d u c in g  a g en ts  b ecau se  i t  does n o t  reduce  to  th e  m e ta l any copper 
t h a t  may be p r e s e n t .  I f  th e  c o n c e n tr a t io n  o f  s e l e n i t e  io n  i s  n o t to o  
low, i . e . ,  g r e a t e r  th a n  1 mg o f  se len ium  p e r  100 ml o f  s o lu t io n ,  
s u l f u r  d io x id e  i s  v e ry  e f f i c i e n t  a s  th e  re d u c in g  a g e n t.
O ther l e s s  p o p u la r m ethods fo r  th e  g ra v im e tr ic  d e te rm in a tio n  
o f  se len iu m  in c lu d e  th e  m e rc u ric  n i t r a t e  p r e c i p i t a t i o n  o f  se len o u s  
a c id  as  HgSe0330 , p r e c i p i t a t i o n  a s  se len ium  s u l f id e  by hydrogen 
s u l f id e 3 1 , and th e  th io u re a  r e d u c t io n  o f s e le n o u s  a c id 3 ? .
E. Neutron-Activation Analysis
N eutron  a c t iv a t io n  a n a ly s i s  i s  a  u s e f u l  and h ig h ly  s e n s i t iv e  
method f o r  d e te rm in in g  t r a c e  e le m e n ts . For th e  d e te rm in a tio n  o f  
se len iu m , m ost w o rk e rs  have u sed  th e  se len iu m -7 5  r a d io n u c l id e 33’ 34’ 35 . 
T h is  n u c lid e  has two co n ven ien t gamma ray s  f o r  co u n tin g  p u rp o ses  a t
Ik
0 .2 7  and 0 .1k  MeV, and i t s  h a l f - l i f e  o f  120 days i s  m ore th a n  a d eq u a te  
to  a llo w  com plete chem ica l s e p a r a t io n  from o th e r  a c t i v i t i e s .  The m ain 
d isa d v a n ta g e  o f  u s in g  th e  se len iu m -7 5  ra d io n u c lid e  f o r  a n a ly t i c a l  
p u rp o ses  i s  th e  lo n g  a c t iv a t io n  tim e  needed . In  m ost in s ta n c e s  sam ples 
a r e  a c t iv a te d  f o r  7  to  1^ days p ro d u c in g  on ly  5 to  10 p e rc e n t o f  th e  
s p e c i f i c  a c t i v i t y  t h a t  i s  o b ta in a b le  when an  a c t i v a t i o n  tim e o f  o n e- 
h a l f - l i f e  i s  u se d . T h is  low a c t i v i t y  r e s u l t s  in  an  e q u iv a le n t lo s s  o f  
s e n s i t i v i t y ,  w hich i s  u n d e s ir a b le  f o r  t r a c e  a n a ly s i s .
The selenium -77m  r a d io n u c l id e  a ls o  has b een  used  fo r  th e  
d e te rm in a tio n  o f  se len iu m 36’3 7 , i n  s p i t e  o f  th e  f a c t  t h a t  i t  i s  ex ceed ­
in g ly  s h o r t - l i v e d ,  hav ing  a  h a l f - l i f e  o f  17.5 se c o n d s . In  o rd e r  to  
d e te rm in e  th e  e le m e n t, an  a c t i v a t i o n  p e r io d  o f  a  few seconds and m u l t i ­
ch an n e l a n a ly z e r  fo cu sed  an th e  0 .1 6  MeV gamma ra y  peak  must be u s e d .
O ther se len iu m  is o to p e s  w hich have been  u sed  f o r  th e  d e t e r ­
m in a tio n  o f  se len iu m  by n e u t r o n - a c t iv a t io n  a n a ly s is  a r e  th e  5*9 m in u te  
se le n iu m -79m38’ 39 , 57 -m inute  se le n iu m -8 lm4° ,  and l 8 -m in u te  selenxum -8 l 41 . 
A com bina tion  o f  r a p id  chem ical s e p a r a t io n  and ganm a-ray sp ec tro m e try
i s  needed to  u se  th e s e  I s o to p e s .
F . P o la ro g ra p h ic  Methods
A p o la ro g ra p h ic  method f o r  th e  d e te rm in a tio n  o f  se len ium  i n  
w a te r  i n  th e  5 to  100 mg p e r l i t e r  ra n g e  has been  used 4 ? . The se len iu m  
i s  f i r s t  s e p a ra te d  from o th e r  e lem en ts  by re d u c tio n  to  th e  elem ent and 
th e n  d is so lv e d  i n  a  m ix tu re  o f  hydrogen  brom ide and b rom ine. A f te r  th e  
brom ine has b een  sw ept o u t w ith  ca rb o n  d io x id e , th e  s o lu t io n  i s  p o la ro -  
g raphed  a t  lt-00 to  650  nrv w ith  a  tu n g s te n - s a tu ra te d  ca lo m el e le c t r o d e .  
In c re a s e d  s e n s i t i v i t y  can be a ch ie v e d  by u s in g  a  s o lu t io n  2N w ith
15
h y d ro c h lo r ic  a c id  i n  a  ra n g e  o f  500  to  650  mv.
D o le za l and Cadek43 i n  a n a ly z in g  p y r i t e  sam ples i n  th e  
ran g e  o f  5 X 10 6  to  2 .5  X 10 3 M o f  se len ium  re p o r te d  t h a t  th e  
h e ig h t o f  th e  wave i s  p ro p o r t io n a l  to  th e  c o n c e n tra t io n  o f  se le n iu m . 
A f te r  d i s s o lu t io n  o f  th e  sam ple, SeBr4 d i s t i l l a t i o n  and re d u c tio n  
o f  th e  m e ta l ,  th e  se len iu m  i s  d is s o lv e d  i n  n i t r i c  a c id ,  w hich i s  
fumed o f f  w i th  s u l f u r i c  a c id .  S u b seq u en tly , th e  s o lu t io n  i s  
n e u t r a l iz e d  to  pH 8 and p o la ro g ra p h e d . At t h i s  pH o f  th e  h a l f ­
wave p o t e n t i a l  o f  se len iu m  i s  - 1 . 1A  v o l t s  v s  a s ta n d a rd  calom el 
e le c t r o d e .
Kahn and K le in w o rth 41 have developed a p o la ro g ra p h ic  
method w hich depends upon th e  p r e c i p i t a t i o n  o f T l; .Se from a s ta n d a rd  
s o lu t io n  o f  TINO3 fo llow ed  by th e  d e te rm in a tio n  o f  ex cess  th a l l iu m .
In  an am m onical s o lu t io n  u s in g  a p p ro p r ia te  c o n d i t io n s ,  Tl^.Se i s  
p r e c ip i t a t e d  q u a n t i t a t i v e ly  by h y d ra z in e  s u l f a t e .
G. P h o to m etr ic  Methods
1. S p ec tro p h o to m etry
a . P y r ro le  C o lo r Complex
S elenous ac id  may b e  d e te c te d  by p y r ro le  i n  th e  p re sen c e  o f  
s e le n ic ,  t e l l u r o u s ,  and t e l l u r i c  a c id s '15. The r e a c t io n  depends upon 
th e  o x id a t io n  o f  p y r r o le  to  ’’p y r r o le  b lu e "  by se le n o u s  a c id , th e  
se len o u s  a c id  b e in g  reduced  to  th e  e lem en t. A q u a n t i t a t i v e  p ro c e d u re  
has been  developed  based  on t h i s  r e a c t io n 7 0 , b u t i t  has n o t been  w id e ly  
u sed .
b .  D iam inobenzid ine Complex
S in c e  H oste f i r s t  proposed 5* 5 ’ "d iam in o b en z id in e
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te tra am in o b ip h en y l)  a s  a  s e n s i t iv e  r e a g e n t  f o r  th e  q u a l i t a t i v e  d e t e r ­
m in a tio n  o f  selen ium  i n  19U8 46, num erous s p e c tro p h o to m e tr ic  m ethods 
fo r  th e  q u a n t i t a t i v e  d e te rm in a tio n  o f  se len ium  u s in g  t h i s  re a g e n t 
have b een  re p o r te d .  T h ese  a re  by f a r  th e  m ost w id e ly  used p ro c e d u re s  
fo r  d e te rm in in g  sm a ll amounts o f  se len iu m  in  v a r io u s  k in d s  o f  sam ples 
in c lu d in g  s t a i n l e s s  s t e e l s  and co p p er4 7 ’ 48 , b io lo g ic a l  m a te r ia l s 4 3 *5 0 ’ 51 
s u l f u r i c  a c id 52 , o re s 5 4 , w a te r55, le a d 5 6 , s u l f u r 5 7 , d i e t a r y  c y s t in e 5 8 , 
human t e e t h  and h a i r 5 9 , m e te o r i te s 6 0 , te l lu r iu m 61, and t e l l u r i c  a c id 6 2 . 
The y e llo w  d ip h e n y lp ia z e s e le n o l  w hich form s when 3 » 3 '-d ia m in o b e n z id in e  
i s  added to  a s o lu t io n  c o n ta in in g  s e le n o u s  a c id  has a n  a b so rp tio n  
maximum a t  ^20 run.
The p ro c e d u re s , in  g e n e r a l ,  have a  d e te c t io n  l im i t  o f  0 .2 3  to  9 mg p e r  
m i l l i l i t e r  depending on  th e  type o f  sam ple being  a n a ly z e d . In  s p i t e  o f  
th e  w id esp read  use  o f  t h i s  re a g en t f o r  th e  sp e c tro p h o to m e tr ic  d e t e r ­
m in a tio n  o f  se len iu m , th e r e  a r e  s e v e r a l  s e r io u s  l im i t a t i o n s .  The 
c o n t r o l  o f  pH d u rin g  fo rm a tio n  o f  th e  complex and su b seq u en t e x t r a c t io n  
i s  ex trem ely  c r i t i c a l ,  and a l l  s tro n g  o x id iz in g  and re d u c in g  a g e n ts  
m ust be a b s e n t .
2 . F luorim etrv
The d x a p h e n y lp ia z se le n o l w hich i s  formed i n  th e  r e a c t io n  o f  
se le n o u s  a c id  w ith  3*3’ -d ia m in o b e n z id in e  may a ls o  be used f o r  th e  
f lu o r im e t r ic  d e te rm in a tio n  o f  se le n iu m . The complex i s  e x c i te d  
a t  b25  nm and f lu o r e s c e s  w ith  a  maximum i n t e n s i t y  a t  ab o u t 565 nm.
The s e n s i t i v i t y  o f  t h i s  p ro ced u re  i s  0 .0 2  mg o f  se le n iu m . I t  has been  
used  f o r  th e  a n a ly s is  o f  v a r io u s  b io lo g ic a l  m a te r i a l s 6 3 ’64 and a r s e n ic 71 
U n fo r tu n a te ly , t h i s  r e a g e n t  y ie ld s  a  c o m p ara tiv e ly  low s e n s i t i v i t y  
compared to  o th e r  f lo u re s c e n c e  m ethods. However, a n o th e r  r e a g e n t ,  
2 ,3 -d ia m in o n a p h th a le n e , r e a c t s  w ith  se le n o u s  a c id  to  form th e  
lj-,5“t> en zo p iaz se len o l, w hich f lu o r e s c e s  s tro n g ly  a t  5^0 nm. T h is  re a g e n t 
w hich can  d e te rm in e  se len iu m  down to  0 .0 0 2  mg, was in tro d u c e d  by 
P a rk e r  and Harvey65 i n  1962.
3- E m ission  S p ec tro sco p y
Due to  th e  low s p e c t r a l  s e n s i t i v i t y  o f  se len iu m , l i t t l e  work 
has been  done in  d ev e lo p in g  p r a c t i c a l  m ethods f o r  i t s  s p e c tro g ra p h ic  
d e te rm in a tio n . However, u s in g  p h o to g ra p h ic  p la te s  w hich  a r e  s e n s i t i v e  
to  s h o r t  wave le n g th  u l t r a v i o l e t  r a d i a t i o n ,  a p ro ced u re  has b een  d e v e l­
oped to  d e te rm in e  se len iu m  i n  th e  c o n c e n tra t io n  ran g e  o f  0 .0 0 1 3  to  2
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p e rc e n t  i n  p y r i t e s  and s u l f i d e  o re s  o f  copper6 6 . U sing s im i la r  p l a t e s ,  
a  method has a l s o  b een  re p o r te d  f o r  d e te c t in g  se len iu m  in  d r ie d  s a l t s  
to  0 .0 0 1  p e rc e n t6 7 .
4 . X-Ray F lu o re sc e n c e  S p ec tro sco p y
The i n t e n s i t i e s  o f  th e  few X -ray  em iss io n  l in e s  o f  se len iu m  
a r e  v e ry  low and a re  o f  l i t t l e  a n a l y t i c a l  v a lu e  ex ce p t i n  sam ples i n  
w hich  th e  c o n c e n tr a t io n  i s  g r e a te r  th a n  10 ppm. Selenium  has a  KQt
p eak  a t  a wave le n g th  o f  1 .1 0 6  and t h i s  em iss io n  peak has b een  used 
f o r  th e  d e te rm in a tio n  o f  se len iu m  i n  p la n t  m a te r ia l68 ’ 69 . M a trix  
e f f e c t s  a re  ex trem ely  im p o rta n t in  th e  a n a ly s is  o f  p la n t  m a te r ia ls  
b e ca u se  o f  d i f f e r e n c e s  i n  background em iss io n  o b ta in e d  from d i f f e r e n t  
sam ple ty p e s .  For t h i s  re a so n  i t  i s  im p e ra tiv e  to  ap p ly  a c o r r e c t io n  
p ro ced u re  i n  o rd e r  to  o b ta in  c o n s i s ta n t  r e s u l t s .
CHAPTER H I
VARIOUS METHODS FOR CONCENTRATING SELENIUM
A. I n t r o d u c t io n
When en d eavoring  to  d ev e lo p  an a n a l y t i c a l  m ethod, many con­
s id e r a t i o n s  must be e v a lu a te d . One o f  prim e im p o rtan ce  i s  s e n s i t i v i t y .
An in c r e a s e  in  s e n s i t i v i t y  would s u r e ly  g iv e  one method an advan tage  
o v er a n o th e r .
One p ro c e d u re  fo r  in c r e a s in g  th e  s e n s i t i v i t y  o f  any method 
i s  to  c o n c e n tra te  th e  sam ple as  much as  p o s s ib le .  T here  a r e  s e v e ra l  
ways to  accom plish  t h i s .  E x t r a c t io n ,  c o p r e c ip i t a t io n ,  io n  exchange, 
and e v a p o ra tio n  a r e  o ld  and common m ethods f o r  c o n c e n tra t in g  a d i l u t e  
s o lu t io n .  I t  has r e c e n t ly  b een  re p o r te d 7 ^ ’73  t h a t  i t  i s  p o s s ib le  to  p ro ­
duce th e  h y d rid e  o f  se len ium  and c o n c e n tra te  i t  i n  th e  gas p h ase .
A method i s  p roposed  to  c o n c e n tra te  se len ium  by i n t e r n a l  e l e c t r o l y s i s  
u s in g  co p p er w ire  to  red u ce  th e  se len iu m  to  th e  e le m e n ta l s t a t e .  T h is  
method a p p ea rs  to  have good p o t e n t i a l .  E v a p o ra tio n  and io n  exchange 
w ere e lim in a te d  as p o s s ib le  c o n c e n tra t io n  te c h n iq u e s  b e ca u se , w h ile  
th ey  may in c re a s e  s e n s i t i v i t y  to  a  s a t i s f a c t o r y  d e g re e , th e  tim e  r e ­
q u ire d  to  o b ta in  s u f f i c i e n t  c o n c e n tr a t io n  i s  p r o h ib i t i v e .
In  a l l  o f  th e  s tu d ie s  se len ium -75  t r a c e r  was used to  fo llo w  
r e a c t io n s .  Each t e s t  was re p e a te d  tw ic e  to  in s u r e  c o r r e c t  o b s e rv a t io n s .  
In  some in s ta n c e s  a d d i t io n a l  d e te rm in a tio n s  w ere n e c e s sa ry .
B. R ed u c tio n  by Copper Wire
1. The N e rs t E q u a tio n
The re d u c t io n  o f  se le n o u s  a c id  by copper in  a n e u t r a l  s o lu t io n
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w i l l  n o t p roceed  under norm al c o n d i t io n s . The r e a c t io n  i s  pH dependent 
and can  be  made to  proceed  on ly  i f  c o n d itio n s  a re  p ro p e r .  C onsider 
th e  fo llo w in g  r e a c t io n .
2Cu +  SeOg +  6h+  -> 2Cu++ + Se + 3H20 
E °; Cu"****, Cu° = O .3I+S v = -E,
E0 ,* SeOg + 6h+ , Se° = + 0 .7 ^  v = E2 
a t  e q u ilib r iu m  E i = Es
■ °-5k5 +  108 + n r  108 LST § ^ H+1-a-
* - 0 6  ,  f S e 0 * H H + 1e  ,  f C u ^ P- 0 .7 4  - 0 .3 ^  » “5-  log i   - log
6-  0 A 0 _  _ LSeOJlH I
° - 015  8  iC u + V
. .  l_Cu— Ll zf 10**"?7 i f  r H+ l = 1  
[SeOgl 10 1 1
R e a c tio n  w i l l  o c c u r  i f  fCu l^ /lS e O sl i s  
le s s  th a n  lc fe ?
I t  can be seen  a ls o  t h a t  i f  th e  ac id  c o n c e n tra t io n  I s  h ig h , 
th e  r e a c t io n  shou ld  go to  com pletion  even a t  h ig h e r c o n c e n tra tio n s  o f
+-S +Cu . However, i f  th e  [H 1 i s  fu rn ish ed  by HC1 a t  a  v e ry  h ig h  concen-
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t r a t i o n  o f  a c id ,  th e  Cu '* may be in  th e  form o f  CuCl4 , th u s ,
+0
red u c in g  th e  c o n c e n tra tio n s  o f  th e  Cu .
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2 . P re p a ra t io n  o f  S o lu tio n s
a . S tandard  Selenium  S tock  S o lu tio n s
A s o lu t io n  c o n ta in in g  0 .1  mg o f  se len iu m  p e r  m i l l i l i t e r  was 
p re p a red  by d is s o lv in g  100 mg o f  pu re  e lem en ta l selen ium  i n  a  few 
d ro p s (minimum re q u ire d )  o f  c o n c e n tra te d  n i t r i c  a c id , b o i l in g  g e n t ly  
to  ex p e l brown fumes and remove excess  a c id  and making up to  1000 ml 
w ith  d i s t i l l e d  w a te r  and h y d ro c h lo r ic  a c id  i n  a p p ro p r ia te  am ount so 
th a t  th e  s o lu t io n  was 1 .0  N i n  r e s p e c t  to  h y d ro c h lo r ic  a c id .  The 
s ta n d a rd  s o lu t io n  was d i lu te d  as  n e c e ssa ry  i n  th e  p re p a ra t io n  o f  
s ta n d a rd  w orking s o lu t io n s .
b . H y d ro ch lo ric  Acid
C o n cen tra ted  h y d ro c h lo r ic  a c id  used as app ro x im ate ly  3T p e rc e n t 
HC1, Sp. g r .  1 .1 8 , from  M a llin c k ro d t Chem ical Co.
c . Copper Wire
The copper w ire  used  was No. lk  gauge. The su rfa c e  was cleaned  
by r e a c t in g  i t  w ith  n i t r i c  a c id  and w ashing s e v e r a l  tim es w i th  d i s t i l l e d  
w a te r .
d . R a d io a c tiv e  Se75
The r a d io a c t iv e  Se75  was o b ta in e d  from New England N u c le a r , 
B o sto n , M ass.
A pparatus
A ll  w eigh ings w ere made w ith  a n  a n a l y t i c a l  b a lan ce  (M e tt le r  
In s tru m e n t C o .,)  Model H-8 .
O ther m a te r ia ls  used i n  t h i s  s tudy  w ere as fo llo w s: b e a k e rs ;
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v o lu m e tr ic  f l a s k s ;  v o lu m e tr ic  and g ra d u a te d  p ip e t s ;  w a tch  g la s s e s ;  
p o ly e th y le n e  b u n n ie s ; and o th e r  g e n e r a l  g la ssw a re .
M easurement o f  r a d i o a c t i v i t y  was done u s in g  a  s c e n t i l l a t i o n  
c o u n te r  w ith  a  w e ll ty p e  sodium io d id e  c r y s t a l ,  a pow er supply  by 
H a rr is o n , and a  C anberra  model 895 t im e r  and s c a l e r .
If-. P rocedure
To a  50 ml v o lu m e tr ic  fla sk w as  added n e a r ly  50 m is o f  
1.0N h y d ro c h lo r ic  a c id .  The d e s ire d  amount o f  s e le n iu m  (u s u a lly  0 .1  
to  5 0 .0  ^g) was added t o  th e  s o lu t io n  a lo n g  w ith  enough r a d io a c t iv e  
Se to  g iv e  about f iv e  tim e s  th e  background  count w i th  a  2 .0  ml sam ple . 
The volum e was th e n  b ro u g h t to  e x a c t ly  5 °» °  ml* A f te r  m ix ing , th e  
s o lu t io n w a s  t r a n s f e r r e d  to  a  250 ml b e a k e r .  A two m i l l i l i t e r  sam ple was 
tak en  so  t h a t  th e  i n i t i a l  a c t i v i t y  i n  th e  s o lu t io n  c o u ld  be re c o rd e d . A 
th re e  f o o t  s e c t io n  o f  co p p er w irew as made in to  a s p i r a l  and p laced  in  
th e  b e a k e r . The b eak e rw as th en  co v ered  w ith  a w atch  g la s s  and th e  
s o lu t io n  b ro u g h t to  a g e n t l e  b o i l  and k e p t  th e re  f o r  30 m in u tes . D uring 
t h i s  t im e , th e  volume o f  th e  s o lu t io n  was k e p t n e a r  50 m l. A fte r  
c o o lin g  a t  room te m p e ra tu re  th e  s o lu t io n w a s  once a g a in  b ro u g h t to  
50 ml and th e  a c t i v i t y  rem ain ing  i n  th e  s o lu t io n  i s  re c o rd e d .
The co p p er w ire  was removed w ith  f o r c e p s ,  p laced  in  a  bunny and th e  
a c t i v i t y  re c o rd ed . From th e  a c t i v i t y  o f  th e  i n i t i a l  and f i n a l  s o lu t io n s  
and th e  copper w ire , t h e  e f f ic ie n c y  o f  th e  r e a c t io n  was d e te rm in ed .
5 . R e s u lts  and D isc u ss io n
In  o rd e r  to  o p tim iz e  c o n d itio n s  fo r  the  r e a c t i o n ,  th e  v a r i a b le s
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o f  t im e , h e a t in g ,  a c id  c o n c e n tra t io n ,  le n g th  o f  w ire , and se len ium  
c o n c e n tra t io n  in  th e  sam ple w ere s tu d ie d .  Many p re l im in a ry  ex p erim en ts  
were perform ed i n  o rd e r  to  o b ta in  a  f e e l in g  f o r  th e  optimum c o n d it io n s .  
Then each  v a r ia b le  was s tu d ie d  i n  d e t a i l .  The ac id  c o n c e n tra t io n s  
were v a r ie d  from 0 . 1 N h y d ro c h lo r ic  a c id  to  8 .0  N. The maximum reco v e ry  
on th e  copper w ire  was 72 p e rc e n t u n d er optimum c o n d i t io n s .
The r e s u l t s  a re  re c o rd ed  in  F ig u re  I .
The le n g th  o f  b o i l in g  tim e re q u ire d  was v a r ie d  from zero  
to  s ix ty  m inu tes and g ra d u a l ly  in c re a se d  to  a  maximum a t  ap p ro x im a te ly  
30 m in u te s . The co n v e rs io n  o f  HpSeOs to  Se° was 73 p e rc e n t  as  shown 
in  F ig u re  I I .
A f te r  s e v e r a l  p re lim in a ry  ex p erim en ts  i t  was observed  th a t  
th e  l a r g e r  th e  se len iu m  to  copper r a t i o  th e  d a rk e r  th e  c o lo r  o f  th e  
copper w ire  a f t e r  th e  r e a c t io n  o c c u r re d . The le n g th  o f  copper w ire  
was v a r ie d  from s ix  in c h e s  to  th r e e  f e e t  w h ile  a t  th e  same tim e v a ry in g  
th e  se len iu m  c o n c e n tra t io n  from 5 .0  ^  t o  50 ug p e r 50 ml sam ple. In  
a l l  s tu d ie s  in  w hich th e  se len ium  to  co p p er r a t i o  was a t  l e a s t  one inch  
o f  w ire  p e r  3*0 Mg o f  se len iu m , no e f f e c t  on th e  r e a c t io n  was o b se rv ed . 
As th e  r a t i o  o f  co p p er to  se len ium  d e c re a se d , th e  amount o f  se len ium  
r e a c t in g  was red u ced , a lth o u g h  t h i s  r a t i o  was n o t l i n e a r .  F ig u re  I I I  
shows th e  r e s u l t s  o b ta in e d  u s in g  5 .0  and 50 Mg o f  se len iu m .
To o b serve  w hat would happen when sm a ll amounts o f  selen ium  
were p r e s e n t ,  th e  amount o f  se len ium  was v a r ie d  from 0 .0 1  ug to  TO iig 
p e r sam p le . As ex p ec ted , th e  r e s u l t s  w ere th e  same as long  as  th e
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le n g th  o f  copper w ire  was in  ex cess  o f  one in ch  p e r  th r e e  m icrogram s o f  
se len iu m . These r e s u l t s  a re  shown i n  F ig u re  IV.
C. C o p r e c ip i ta t io n  o f  Selenium
1. P r e p a ra t io n  o f  S o lu tio n s
A ll o rg a n ic  chem ica ls  u sed  i n  t h i s  work w ere a n a ly t i c a l  re a g e n t  
g ra d e . When d i l u t i o n  was n e c e s sa ry  » d i s t i l l e d  w a te r ,  w hich had a ls o  
been  p u r i f i e d  by an  exchange colum n, was u sed .
2 . A b so rp tio n  on  M eta l H ydroxide
I t  has been  shown p re v io u s ly  t h a t  th e  c o p r e c ip i t a t io n  o f  
s e l e n i t e  io n  w ith  m e ta l h y d ro x id es  a r i s e s  from a b s o r p t io n  o f  th e  
s e l e n i t e  io n  on th e  s u r fa c e  o f  th e  s u b s t r a t e .  The method d e sc r ib e d  by 
Horeman74  u s in g  m e ta l h y d ro x id e  was ta k en  as a b a s is  o f  t h i s  in v e s t ig a t io n .
3 . P ro ced u re
A s o lu t io n  o f  i ro n  I I I  n i t r a t e  (20 mg iro n )  and s u f f i c i e n t  5 N 
ammonium n i t r a t e  to  g iv e  a f i n a l  c o n c e n tra t io n  o f  0 . 5 N i n  s o lu t io n  w ere 
p laced  i n  a  250 ml b e a k e r  and 1 N ammonia was added u n t i l  th e  p r e c i p i t a ­
t io n  o f  f e r r i c  h y d ro x id e  was c o m p le te . The ammonium s a l t  served  to  
b u f f e r  th e  s o lu t io n  and im prove th e  c o a g u la tio n  o f  th e  i r o n  h y d ro x id e .
The f i n a l  volume o f  th e  s o lu t io n  and p r e c ip i t a t e  was made to  100 ml 
w ith  d i s t i l l e d  w a te r .  A s o lu t io n  o f  se len o u s  ac id  (1 0 .0  yg) la b e le d  
w ith  r a d io a c t iv e  selen ium -73  was added as  soon as th e  i r o n  ( I I I )  
h y d rox ide  had been  p r e c i p i t a t e d .  The te m p e ra tu re  was k e p t a t  25° C +
1° and th e  s o lu t io n  s t i r r e d  fo r  v a ry in g  tim e s . The same p rocedu re  was 
fo llow ed  and th e  s o lu t io n  was l e f t  to  s tan d  w ith o u t s t i r r i n g  fo r  v a r io u s  
tim e i n t e r v a l s .
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I n  an o th e r s e r i e s  o f  ex p erim en ts  th e  above p ro c e d u re  was 
fo llow ed , w ith  th e  e x c e p tio n  th a t  th e  se len iu m  was added b e fo re  
p r e c i p i t a t i o n .
i)., R e s u l ts  and D isc u ss io n
S in c e  th e  c o p r e c ip i t a t io n  o f  se le n iu m  i s  known to  be  an  ad­
s o rp tio n  phenomenon, i t  w i l l  s u re ly  v a ry  w ith  a c id  c o n c e n tr a t io n ,  
te m p e ra tu re , and tim e . These th re e  v a r i a b le s  w ere s tu d ie d .  The 
s o lu t io n s  w ere a llow ed to  s tan d  f o r  p e r io d s  o f  up to  fo u r  h o u rs . The 
maximum amount o f  se len iu m  which was c o p r e c ip i t a te d  was a p p ro x im a te ly  
s ix ty  p e rc e n t  as  shown i n  F ig u re  V. The r e s u l t s  when th e  s o lu t io n  was 
s t i r r e d  r a t h e r  th a n  l e t  s ta n d  fo r  d i f f e r e n t  tim e i n t e r v a l s  a s  shown in  
F ig u re  V I.
U sing  th e  above p ro ced u re  th e  amount o f  se len iu m  was v a r ie d  
in  th e  s o lu t io n  a t  two d i f f e r e n t  pH v a lu e s .  T ab le  I  g iv e s  th e  r e s u l t s  
o b ta in ed  a t  a  pH o f  5 .0  and 8.0.
A f te r  o b se rv in g  th e  r e s u l t s  o b ta in e d  w ith  i r o n  I I I  h y d ro x id e , 
th e re  seemed to  be some j u s t i f i c a t i o n  i n  t r y in g  a n o th e r  m e ta l h y d ro x id e  
to  c o p r e c ip i t a te  se le n iu m . A ll th e  ex p erim en ts  p re v io u s ly  done w ere 
d u p l ic a te d ,  u s in g  aluminum h y d ro x id e , r a t h e r  th a n  i r o n  I I I  h y d ro x id e .
The r e s u l t s  w ere le s s  s a t i s f a c t o r y  th a n  w ith  i ro n  I I I  h y d ro x id e . The 
maximum se len iu m  which co u ld  be c o p re c ip i ta te d  was f o r ty  p e rc e n t  as  
shown in  F ig u re s  VII and V I I I .  At t h i s  p o in t  th e r e  seemed l i t t l e  prom ise 
f o r  t h i s  ty p e  o f  c o n c e n tra t io n  s te p .
D. E x tra c t io n
1. R e a g e n ts :
TABLE I
ABSORPTION OF Se ON Fe(OH) 3 AT DIFFERENT pH VAUJES
I n i t i a l  Amount o f C o p re c ip i ta te d Se Remaining
Se i n  S o lu tio n Selenium i n  S o lu tio n
M lcrograms M lcrogram s M lcrograms
pH 5 .0  pH 8 .0 pH 5 .0  pH 8 .0
0 .2 5 0 .1 5 0 .1 5 o . i o 0 . 1C
0 .5 0 0 .3 0 0 .3 0 0 .2 0 0 .2 0
1.50 0 .9 0 0 . 8U 0 .6 0 0 .6 6
2 .25 l . J k 1 .2 6 0 .9 1 0 .99
5 .0 0 1 .7 6 1.50 1. 2^ 1 .50
k .0 0 2 .3 2 1 .8 6 1 .6 8 2 . 1U
5 .0 0 2 .8 8 2 , oh ■ 2 .1 2 2 .9 6
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FIGURE VI 
COPRECIPITATION OF SELENIUM 
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FIGURE VII 
COPRECIPITATION OF SELENIUM 
WITH ALUMINUM HYDROXIDE AS A 
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FIGURE V III  
COPRECIPITATION OF SELENIUM 
WITH ALUMINUM HYDROXIDE AS A 
FUNCTION OF STANDING TIME
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R eagen ts  u sed  f o r  e x t r a c t i o n  w ere d ip h e n y lth io c a rb a z o n e  
(Eastm an K odak), 8 - q u in o l in o l ,  e th y l  p ro p io n a te ,  a c e ty l  a c e to n e , 
ammonium t a r t r a t e ,  and t a r t a r i c  a c id .  A ll  r e a g e n ts  used w ere 
a n a l y t i c a l  g ra d e .
2 . E x t r a c t io n  S o lu t io n
D ip h e n y lth io c a rb az o n e  0 .1  g j 8 - q u in o l in o l  0 .T 5  Si  and a c e ty l  
a c e to n e , 20 ml was d is s o lv e d  i n  e th y l  p ro p io n a te  and th e  volum e made 
up to  100 m is .
3 . P ro ced u re
A 5*0 ml aqueous sam ple c o n ta in in g  10 .0  jjg o f  se len ium  was made 
0 ,1  M w ith  ammonium t a r t r a t e .  Then 5*0 ml o f  th e  e x t r a c t io n  s o lu t io n  
was added . The m ix tu re  was th e n  p laced  in  a  s e p a ra to ry  fu n n e l and 
shaken f o r  v a r io u s  tim e  i n t e r v a l s .  The la y e r s  w ere  se p a ra te d  and th e  
r a d i o a c t i v i t y  o f  th e  i n i t i a l  and f i n a l  aqueous p h ase s  w ere m easured .
ij-. R e s u l ts  and D isc u ss io n
Selenium  can b e  e x tr a c te d  v e ry  e a s i l y  from aqueous s o lu t io n  w ith  
d ip h e n y lth io c a rb a z o n e  i n  c a rb o n  t e t r a c h l o r i d e .  I t  should  fo llo w  th a t  
i t  i s  p o s s ib le  to  e x t r a c t  se len iu m  u s in g  a  mixed l ig a n d s  system  in  
e th y l  p ro p io n a te .
When e x t r a c t in g  se len iu m  from s o lu t io n  i t  i s  f i r s t  n e c e ssa ry  
to  d e te rm in e  th e  tim e re q u ire d  f o r  e q u i l ib r a t io n  betw een th e  two phases* 
The tim e  o f  m ixing was v a r ie d  from one m inu te  to  20  m in u tes . The 
e q u i l i b r a t i o n  tim e  re q u ire d  was found to  be  l e s s  th a n  one m in u te .
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The o th e r  c o n t r o l l in g  f a c to r  was th e  pH o f  th e  s o lu t io n .  The 
c o n c e n tra t io n  o f  th e  H+  was v a r ie d  from 5 M to  10 14 M. The maximum 
e x t r a c t i o n  o ccu rred  betw een  a  pH o f  5 . 0  and 7 .0  (F ig u re  IX ), b u t i t  
was o n ly  30 p e rc e n t .
E . C onversion  to  S elenium  H ydride
1. P re s e n t M ethods
The p ro d u c tio n  o f  se len iu m  h y d rid e  u s in g  z in c  and s tan n o u s  
c h lo r id e 7 5 ’76  has b een  d e sc r ib e d  p re v io u s ly ,  and r e c e n t ly  Schm idt and 
Royer72  r e p o r te d  th e  r e d u c t io n  o f  se len iu m  to  th e  h y d rid e  u s in g  sodium 
b o ro h y d rid e  as  th e  re d u c in g  a g e n t .  A lthough b o th  m ethods a r e  re p o r te d  
as b e in g  q u a n t i t a t i v e ,  no ev id en ce  has b een  p re se n te d  w hich su p p o rts  
t h i s  c la im . I t  was th e r e f o r e  d ec id ed  to  in v e s t ig a te  b o th  m ethods and 
a l s o  some m o d if ic a t io n s  o f  th e s e  m ethods so a s  to  d e te rm in e  th e  
e f f i c i e n c y  o f  th e s e  r e a c t io n s .
2 . P re p a ra t io n  o f  S o lu tio n s
A ll s o lu t io n s  w ere  p rep a red  from a n a ly t i c a l  r e a g e n t  g rad e  
ch em ica ls  and d e io n iz e d  w a te r .
S tannous c h lo r id e  s o lu t io n  was p rep ared  by d is s o lv in g  stan n o u s 
c h lo r id e  d ih y d ra te  i n  8  N h y d ro c h lo r ic  a c id  to  g iv e  a c o n c e n tr a t io n  o f  
20  p e rc e n t  (w /V ).
G ran u la r z in c  m e ta l (1 0 0 0 - lh l0 )  was u sed .
Sodium h y d ro x id e  (0 .1  N)
Sodium b o ro h y d rid e  p e l l e t s  (1 0 /3 2 ") a v a i la b le  from A lfa
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A s o lu t io n  o f  sodium b o ro h y d rid e  was made by d is s o lv in g  
5 .0  grams o f  r e a g e n t  g rad e  (98*45) NaBH4 i n  100 ml o f  w a te r .  T h is 
s o lu t io n  was u n s ta b le  and was u sed  w i th in  two hours a f t e r  p r e p a r a t io n .
3 .  A pparatus
The r e a c t io n  v e s s e l  was a  500 m l, round b o tto m , th r e e  neck  
f l a s k .  The c e n te r  neck  was f i t t e d  w ith  a  s e p a ra to ry  fu n n e l to  i n t r o ­
duce any l iq u id  n e c e s s a ry . S o lid s  w ere added th ro u g h  th e  s id e  n eck .
A 250 ml gas wash b o t t l e  was used  as  a  c o n ta in e r  f o r  th e  sodium 
h y d ro x id e  s o lu t io n ,  w hich a b so rb s  th e  gaseous h y d r id e . A m ech an ica l 
s t i r r e r  was p laced  un d er th e  bo ttom  o f  th e  f l a s k  and a  T e f lo n  s t i r r i n g  
b a r  was u sed . A b a l lo o n  was p la c e d  i n  th e  system  to  r e l i e v e  p r e s s u r e .
P rocedure
a . R ed u c tio n  by Zinc and Stannous C h lo rid e
A sam ple c o n ta in in g  no more th a n  2 5 .0  o f  se len iu m  was p la c e d  
i n  th e  r e a c t io n  f l a s k .  Two m i l l i l i t e r s  o f  s tan n o u s  c h lo r id e  w ere added 
and th e  volume a d ju s te d  to  50 ml w ith  IfN h y d ro c h lo r ic  a c id .  The system  
was f lu sh e d  w ith  n i t r o g e n  f o r  1 m in u te . W hile s t i r r i n g  th e  s o lu t io n ,  
if.0  grams o f  g ra n u la r  z in c  w ere added . The g ases  produced w ere bubbled  
in to  0.1N  sodium h y d ro x id e  s o lu t io n .  A f te r  th e  r e a c t io n  su b s id e d , th e  
system  was a g a in  f lu sh e d  1 m in u te  w ith  n i t r o g e n .  The r a d i o a c t i v i t y  o f  
th e  sodium hydrox ide  s o lu t io n ,  th e  re a c te d  s o lu t io n  and th e  g ra n u la r  
z in c  was m easured . From t h i s  in fo rm a tio n  th e  e f f ic ie n c y  o f  th e  r e ­
a c t io n  was c a lc u la te d .
b .  R ed u c tio n  by Sodium B orohydride
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A 5 0 .O ml sam ple o f  se len iu m , h w ith  r e s p e c t  to  h y d ro c h lo r ic  
a c id ,  was p laced  i n  th e  r e a c t io n  v e s s e l .  The system  was f lu sh e d  w ith  
n i t r o g e n  fo r  1 m in u te . The sodium b o ro h y d r id e  s o lu t io n  (25 ml) was 
added o v e r a p e rio d  o f  th re e  m in u te s . The system  was th e n  f lu sh e d  
w ith  n i t r o g e n  f o r  JO seco n d s . The g a se s  w ere tra p p e d  i n  sodium 
h y d ro x id e  s o lu t io n .  The r a d io a c t i v i t y  o f  th e  s o lu t io n  b e fo re  and a f t e r  
r e a c t io n ,  and th e  a c t i v i t y  in  th e  sodium  h y d ro x id e  s o lu t io n  w ere a g a in  
m easu red . Once a g a in ,  th e  e f f ic ie n c y  o f  r e a c t io n  was c a lc u la te d ,
c .  R e s u lts  and D iscu ss io n
As to  th e  p ro d u c tio n  o f  hydrogen  s e le n id e ,  i t  was found t h a t
even a t  optimum c o n d i t io n s  z in c  and s tan n o u s  c h lo r id e  d id  a p o o r jo b
o f c o n v e r tin g  th e  se len iu m  to  th e  v o l a t i l e  h y d r id e . Most o f  th e  
se len iu m  was found on th e  z in c  a f t e r  r e a c t io n ,  a s  would be ex p ec ted  from 
c o n s id e ra t io n s  o f  th e o ry  p e r ta in in g  to  rep lacem en t r e a c t io n s .  The 
fo llo w in g  a re  th e  av e rag e  v a lu e s  from e ig h t  r e a c t io n s  a t  optimum 
c o n d i t io n s :
Selenium  i n  r e a c t o r   ------------- U p e rc e n t
Selenium  i n  NaOH ---------------   8 p e rc e n t
Selenium  on z in c   88 p e rc e n t
Because o f  th e  s i z e  and t e x tu r e  o f  th e  g ra n u la r  z in c , i t  d id
n o t seem f e a s ib le  to  a tte m p t to  re c o v e r  th e  se len ium  from th e  z in c .
The sodium b o ro h y d rid e  proved to  be  a s a t i s f a c t o r y  r e d u c ta n t .  
At optimum c o n d it io n s , more th a n  90 p e rc e n t  o f  th e  se len ium  cou ld  be 
reduced  to  th e  h y d rid e  and removed from s o lu t io n  a s  a g a s . The e f f e c t s
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o f  a c id  c o n c e n tr a t io n  w ere  in v e s t ig a te d .  I n  t h i s  s tu d y , ^  to  5 N 
h y d ro c h lo r ic  a c id  was found to  be e f f e c t i v e  f o r  maximum p ro d u c tio n  
o f  hydrogen s e le n id e .  Below an  a c id i ty  o f  ^  N th e  p ro d u c tio n  o f  
h y d rid e  d e c re a se d  as shown i n  F ig u re  X.
I t  was shown from a d d i t io n a l  s tu d ie s  t h a t  th r e e  m in u tes  was 
th e  optimum tim e  o f  r e a c t i o n .
W hile th e s e  s tu d ie s  were b e in g  made, i t  was re p o r te d 77 in  
th e  l i t e r a t u r e  t h a t  se len iu m  could  b e  q u a n t i t a t i v e l y  co n v erted  to  th e  
h y d rid e  u s in g  0 .2  N h y d ro c h lo r ic  a c id  and sodium  b o ro h y d rid e  p e l l e t s .  
T h is  work was rep roduced  s e v e r a l  t im e s , and th e  maximum c o n v e rs io n , 
un d er any c irc u m stan c es  w as l e s s  th a n  te n  p e r c e n t .  The r e s u l t s  w ere 
re p ro d u c ib le  even  a t  low c o n v e rs io n . T h is  f a c t  may have le d  th e  
a u th o rs  to  b e l ie v e  th e  method to  be  q u a n t i t a t i v e .
F u r th e r  s tu d ie s  proved th a t  b o ro h y d r id e  p e l l e t s  w ere le s s  
e f f i c i e n t  th a n  th e  s o lu t io n s  in  c o n v e r tin g  th e  se len iu m  to  th e  
h y d r id e , even  w ith  e x c e l le n t  s t i r r i n g  o f  th e  s o lu t io n .
F . C hoice o f  Method o f  C o n c e n tra tio n
A good c o n c e n tr a t io n  p ro ced u re  shou ld  be s im p le , s e l e c t i v e ,  , 
and q u a n t i t a t i v e .  Of th e  m ethods in v e s t ig a te d ,  th e r e  w ere o n ly  two 
w hich s a t i s f a c t o r i l y  f u l f i l l e d  th e s e  re q u ire m e n ts . They w ere th e  
p ro d u c tio n  o f  th e  h y d rid e  and th e  r e d u c t io n  by co p p er. The p ro d u c tio n  
o f  selen ium  h y d rid e  was ch osen  as th e  b e s t  method f o r  a d d i t io n a l  s tu d y  
b ecau se  i t  was c lo s e r  to  b e in g  s to ic h io m e tr ic  and p o t e n t i a l l y  more 
s e n s i t i v e .
FIGURE X 
PRODUCTION OF SELENIUM HYDRIDE 
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Normality of Hydrochloric Acid
CHAPTER IV 
DETERMINATION OF SELENIUM BY FLAME LESS 
ATOMIC ABSORPTION SPECTROSCOPY
A. I n t r o d u c t io n
t
The a b i l i t y  o f  selenium  to  form h y d rid e  has been  used  to  
in c r e a s e  th e  s e l e c t i v i t y  and th e  s e n s i t i v i t y  o f  i t s  d e te rm in a tio n  
by a to m ic  a b so rp tio n  sp e c tro sc o p y . I t  has been  known f o r  some tim e  
th a t  f la m e le ss  a to m iz a tio n  In  a to m ic  a b so rp tio n  sp ec tro sc o p y  i s  
g e n e r a l ly  more s e n s i t i v e  th an  flam e a to m iz a tio n  due to  low er e l e c t r o n i c  
n o is e  l e v e l s ,  in c re a s e d  a to m iz a tio n  e f f ic ie n c y  and lo n g e r  a n a ly te  
r e s id e n c e  tim es i n  th e  o p t ic a l  p a th .
There has b een  no d e ta i le d  s tu d y  o f  th e  p a ram e te rs  w hich 
a f f e c t  th e  s e n s i t i v i t y  and s e l e c t i v i t y  o f  selen ium  by re d u c tio n  to  
th e  h y d r id e . Much tim e  and e f f o r t  was sp en t in  d e s ig n in g  equipm ent 
and in v e s t ig a t in g  p a ra m e te rs  i n  o rd e r  to  in s u re  a b e t t e r  method th a n  
p r e s e n t ly  e x i s t s .
B. P r in c ip le
Selenium was reduced to  th e  selen ium  h y d rid e  by means o f  a 
s u i t a b l e  reduc ing  a g e n t  in  a s t r o n g ly  a c id ic  s o lu t io n .  The v o l a t i l e  
h y d r id e  was passed th ro u g h  a d ry in g  ag en t to  remove any m o is tu re  p r e ­
s e n t .  The hyd rid e  was th e n  condensed i n  a co ld  t r a p  p r im a r i ly  to  r e ­
move hydrogen from th e  system . I t  was th en  r e v o l a t i l i z e d  in to  a  flam e- 




A f la m e le ss  c e l l  such as  th e  P erk in -E lrae r HGA-2000 g r a p h i te  
fu rn a c e  (F ig u re  XI) was u sed .
A P erk in -E lm er model k03 a to m ic  a b so rp tio n  sp e c tro p h o to m e te r , 
equipped w ith  a HGA 2000 c o n t r o l l e r  was used fo r  a l l  m easurem ents.
A dem ountable ho llow  ca th o d e  lamp was used  as  a  l i g h t  so u rce  
fo r  th e  se le n iu m . T h is  lamp was c o n s tru c te d  by th e  ch em is try  d e p a r t­
ment m achine shop a t  L o u is ia n a  S ta te  U n iv e r s i ty .  I t  i s  shown in  
F ig u re  X II. A m odified  H e a th k it power su p p ly  model PS-k was used to  
power th e  lam p.
A s u i t a b le  r e a c t o r  was made by th e  ch em istry  d ep artm en t g la s s  
shop a t  L o u is ia n a  S ta te  U n iv e r s i ty ,  (F ig u re  XIT).
A D e rv o r i te r  I I  re c o rd e r  from  Texas In s tru m e n ts  In c o rp o ra te d  
was used t o  re c o rd  th e  a b s o rp tio n  in  th e  a to m iz e r .
D. R eagents
Sodium b o ro h y d r id e , h y d ro c h lo r ic  a c id , and se len iu m  s o lu t io n  
w ere th e  same as  p re v io u s ly  m entioned . D ilu t io n s  w ere made when 
n e c e s s a ry .
C o n cen tra ted  s u l f u r i c  a c id  u sed  was ap p ro x im a te ly  9 8  p e rc e n t 
H2 S04 , s p . g r .  1 .8k ,
A n a ly tic a l  g ra d e  calcium  c h lo r id e  and D r i e r i t e  w ere u sed .
L iq u id  n i t r o g e n , helium , and n i t ro g e n  gas w ere o b ta in ed  from 
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E . Preliminary Experiments
1. Removal of Hydride From Solution
It has previously been shown that it Is possible to convert 
and ronove 90 percent of the selenium from solution as the hydride. Various 
types of apparatus were tried for mixing and degassing the hydride.
Maximum conversion and removal of the selenium hydride occurred when 
a gas wash bottle was used and sodium borohydride solution was added 
over a three minute period. The hydrogen produced, plus the nitrogen
flow of 7 5 0 ml per minute, gave in excess of one liter of gas per 
minute passing through the system. After the reaction had ceased 
the system was flushed with nitrogen for one minute to insure all re­
moval of the hydride.
2. Drying of the Hydride
Selenium hydride is soluble in water; therefore, any water vapor 
must be removed in order to recover the selenium and keep the.collection 
tube from freezing. Calcium chloride, Drierite, and concentrated 
sulfuric acid were investigated as drying agents.
3 . Choice of Trapping Apparatus
In the initial investigations of furnace atomization, a balloon 
was used to trap the generated hydride. With a balloon, both water 
vapor and hydrogen gas were allowed to enter the atomization device.
This procedure resulted in a high noise level, reduced the life of the 
graphite tubes, and affected temperature reproducibility. The tube 
increases in resistance with wear. Since the power supply regulates 
power and not temperature, the temperature and noise level would increase
from ru n  to  ru n .  The hydrogen  a ls o  had a  ten d en cy  to  i g n i t e  when su b ­
je c te d  to  h ig h  te m p e ra tu re s .
C o n sid e rin g  th e  above problem s and th e  m e ltin g  and b o i l in g  
p o in ts  o f  se len iu m  h y d rid e  and hydrogen g a s , i t  was concluded t h a t  a  
c o ld  t r a p  would be  u sed  to  s e p a ra te  th e  h y d rid e  from hydrogen .
4 . Acid C o n c e n tra tio n
S e v e ra l r e a c t io n s  w hich w ere c a r r ie d  o u t u s in g  a c id  c o n c e n tra t io n s  
h ig h e r  th a n  h .2  N gave an  i n t o l e r a b l e  i n te r f e r e n c e  b e ca u se  HC1 was 
re a c h in g  th e  a to m iz e r and a b so rb in g  l i g h t .
F . P ro ced u re
A 50*0 ml sam ple c o n ta in in g  1 .0  mg o f  se len iu m  was p laced  i n  
th e  r e a c t o r .  The sam ple shou ld  be h.O  N w ith  r e s p e c t  to  h y d ro c h lo r ic  
a c id .  The system  was f lu sh e d  one m in u te  w ith  n i t r o g e n .  Twenty f iv e  
m i l l i l i t e r s  o f  sodium b o ro h y d rid e  s o lu t io n  c o n ta in in g  1 .0 0  g o f  sodium 
b o ro h y d rid e  w ere p laced  in  th e  s e p a ra to ry  fu n n e l .  Ten grams o f  ca lc ium  
c h lo r id e  w ere  p laced  in  th e  d ry in g  tu b e .  The c o ld  t r a p  was p laced  in  
l iq u id  n i t r o g e n  and a llow ed  to  co o l f o r  one m in u te . The fo u r  way v a lv e  
was p o s it io n e d  so t h a t  th e  gas would p a ss  th ro u g h  th e  t r a p  and be 
v en ted  to  th e  a tm osphere . The sodium b o ro h y d rid e  s o lu t io n  was slow ly  
added to  th e  sam ple o v e r a  p e r io d  o f  th r e e  m in u te s . The system  was 
a g a in  f lu sh e d  one m inu te  w ith  n i t r o g e n .  The fourway v a lv e  was tu rn e d  
so t h a t  th e  co ld  t r a p  was b y -p a sse d . The co n n ec tio n s  w ere th e n  
changed to  b y -p a ss  th e  r e a c to r  and d ry in g  tu b e .  A f te r  co n n ec tin g  th e  
g a s  flow  to  th e  a to m iz e r , l e t t i n g  th e  co ld  t r a p  come to  room te m p e ra tu re ,
z e ro in g  th e  in s tru m e n t, h e a t in g  th e  a to m iz e r to  th e  c o r r e c t  te m p e ra tu re , 
and re c o rd in g  a  b a s e l in e ,  th e  fourway v a lv e  was opened so  t h a t  th e  
h y d rid e  was swept i n to  th e  a to m iz e r  and th e  ab so rb an ce  was re c o rd e d .
A m illig ra m  o f  se len iu m  was found to  g iv e  a  re sp o n se  o f  
a p p ro x im a te ly  f o r ty  ab so rb an ce  u n i t s .
G. S e t t in g  o f  th e  In s tru m e n t
1. P lacem ent o f  th e  Hollow C athode Lamp and Source C o n tro l
The hollow  c a th o d e  was f i t t e d  i n  a  s ta n d a rd  b ra c k e t  w ith  on ly  
m inor m o d if ic a t io n s ,  and th e  b ra c k e t  was p o s i t io n e d  i n  th e  lamp 
com partm ent on th e  l e f t  s id e  o f  th e  in s tru m e n t.  The lamp te rm in a ls  w ere 
connected  to  an  e x te r n a l  power su p p ly  and th e  sw itc h  was tu rn e d  on .
The helium  flow  r a t e  was a d ju s te d  u n t i l  th e  lamp gave a  c o n s ta n t  energy  
le v e l .  W ith th e  s c a le  sw itch  a t  p o s i t io n  1, th e  s l i t  c o n t r o l  a t  and 
th e  so u rce  c o n tro l  a t  60 mA, th e  g a in  was tu rn e d  c lo ck w ise  u n t i l  th e  
n e e d le  on th e  energy  m e te r  was i n  th e  m idd le  o f  th e  s c a l e .  The ho llow  
cath o d e  was th e n  a d ju s te d  so t h a t  th e  n e e d le  on th e  energy  m e te r re a d  
maximum. W ith th e  ra n g e  sw itch  on U. V ,, th e  w av eleng th  c o n t r o l  was 
a d ju s te d  i n  th e  same m anner to  o b ta in  th e  maximum re a d in g  on th e
energy  m e te r . T h is  maximum o c cu rred  a t  1960.3A,
2 . C hoice o f  Lamp C u rren t
M ost sea le d  se len iu m  lamps o p e ra te  a t  a  maximum c u r r e n t  o f  10 mA. 
The p rim ary  advan tage  o f  a  dem ountable lamp i s  t h a t  i t  c an  b e  o p e ra te d  
a t  a  h ig h  c u r r e n t .  I t  was p o s s ib le  to  o p e ra te  th e  dem ountable lamp a t  a 
c u r r e n t  o f  100 mA. A 60 mA c u r r e n t  was found to  b e  th e  m ost s a t i s f a c t o r y ,
a lth o u g h  v e ry  good r e s u l t s  can  be o b ta in e d  u s in g  1*0 mA. T here  was 
no n o t ic e a b le  d i f f e r e n c e  i n  th e  lamp o u tp u t even  a f t e r  two hundred 
ho u rs  o f  s e r v ic e .
3* S e t t in g  o f  G ain C o n tro l
The a m p l i f ie r  shou ld  b e  a d ju s te d  so t h a t  th e  r e s u l t s  o f  th e  
energy  m e te r s ta n d s  i n  th e  m id d le . In  g e n e r a l ,  h ig h e r  lamp c u r r e n ts  
a llo w  f o r  a  low er g a in  s e t t i n g  f o r  a  g iv e n  s l i t  w id th .
1*. S e t t in g  o f  th e  S l i t
The m ech an ica l s l i t  w id th  has p o s i t io n s  1 th ro u g h  6 . A 
s e t t i n g  o f  1* co rre sp o n d s  to  a  s p e c t r a l  s l i t  w id th  o f  1 .0  mm when th e  
ra n g e  sw itc h  i s  on U. V.
5 . T em perature
A lthough 2200° C i s  th e  recommended te m p e ra tu re , th e  same 
re sp o n se  was observed  u s in g  l800° C. The low er te m p e ra tu re  was used 
b ecau se  i t  gave a low er n o is e  l e v e l .
6 . R eco rd er S e t t in g s
The re c o rd e r  s c a le  was s e t  on 1 ,0  ab so rb an ce  so t h a t  a 
d e f l e c t i o n  o f  one u n i t  co rre sp o n d s  to  an  ab so rb an ce  o f  one p e r c e n t .  
The r e c o rd e r  re sp o n se  was s e t  on 2 i n  o rd e r  to  g e t  a  r e l a t i v e l y  
r a p id  re sp o n se .
CHAPTER V 
RESULTS AND DISCUSSION
A. I n t r o d u c t io n
When d e te rm in a tio n s  on se len iu m  s ta n d a rd s  w ere made, th e y  
d is c lo s e d  a  problem  o f  r e p r o d u c ib i l i t y .  A check w ith  r a d io a c t iv e  
se len iu m  confirm ed t h a t  se len ium  was b e in g  produced and removed from  
s o lu t io n .  The o n ly  o th e r  p o s s ib le  so u rc e s  o f  th e  problem  w ere th e  
d ry in g  ag en t and th e  co ld  t r a p .  When th e s e  p rob lem s w ere s o lv e d , good 
r e s u l t s  w ere o b ta in e d .
B . C hoice o f  Sodium B orohydride
Sodium b o ro h y d rid e  p e l l e t s  seemed to  b e  p o p u la r  w ith  o th e r  
i n v e s t ig a to r s 72*7 7 .  The g e n e ra t io n  o f  th e  h y d rid e  by adding p e l l e t s  
to  th e  sample was compared w ith  th e  g e n e ra t io n  by a d d i t io n  o f  sodium 
b o ro h y d rid e  s o lu t io n .  The p e l l e t s  produced o n ly  f o r ty  to  s ix ty  p e rc e n t  
a s  much selen ium  h y d r id e  as  d id  th e  s o lu t io n .  T h is  was caused p r im a r i ly  
by th e  f a c t  t h a t  th e  p e l l e t s  r e a c te d  d u rin g  a p p ro x im a te ly  tw enty  
seconds and i t  was im p o ss ib le  to  b r in g  th e  p e l le tB  in to  in t im a te  con­
t a c t  w ith  a l l  o f  th e  s o lu t io n  d u r in g  th a t  t im e . When b o ro h y d rid e  
s o lu t io n  was added , o v e r a tw en ty  second p e r io d ,  r e s u l t s  com parable 
to  t h a t  o f  th e  p e l l e t s  o b ta in e d .
C. Q u a n tity  o f  Sodium B orohydride
The q u a n t i ty  o f  sodium b o ro h y d rid e  was v a r ie d  from 0 .1  gram 
to  1 .2 5  grams p e r  d e te rm in a tio n . The r e s u l t s  a r e  shown in  F ig u re  XIV. 
T hese s tu d ie s  w ere c a r r ie d  o u t u s in g  r a d io a c t iv e  se len ium  and w ere  v e r i -
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FIGURE XIV 
PERCENT OF SELENIUM CONVERTED TO 
SELENIUM HSfDRIDE AS A FUNCTION 
OF THE AMOUNT OF SODIUM BOROH5TDRIDE 
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f i e d  u s in g  a tom ic  a b s o rp tio n  sp e c tro s c o p y .
D. C hoice o f  D ry ing  Agent
D r i e r i t e  was th e  d ry in g  a g en t i n i t i a l l y  u sed  b ecau se  some 
o f  th e  o th e r  i n v e s t i g a to r s 7 2 *77  had u sed  i t  i n  d ry in g  v a r io u s  h y d r id e s . 
S tu d ie s  made u s in g  r a d io a c t iv e  se len iu m  in d ic a te d  t h a t  betw een t e n  and 
f o r ty  p e rc e n t  o f  th e  h y d rid e  was b e in g  abso rbed  on th e  D r i e r i t e .  
S u l f u r ic  a c id ,  a t  v a r io u s  te m p e ra tu re s  and c o n c e n tra t io n s  was in v e s ­
t i g a t e d  a s  a  d ry in g  a g e n t. The se len iu m  lo s s  was alw ays betw een  tw enty  
and f o r t y  p e rc e n t .  Calcium  c h lo r id e  proved  to  be  a  s a t i s f a c t o r y  d ry in g  
a g e n t .  At no tim e  d id  i t  a b so rb  more th a n  fo u r  p e r c e n t  o f  th e  se len iu m  
h y d rid e  and th e  av e rag e  lo s s  was two p e r c e n t .  The f a c t  t h a t  c a lc iu m  
c h lo r id e  has a  v e ry  h ig h  h e a t  o f  s o lu t io n  caused th e  d ry in g  tu b e  to  
become v e ry  h o t when on ly  a  d ro p  o f  w a te r  was a b so rb ed . At such  tem­
p e r a tu r e s  se len iu m  h y d rid e  e x h ib i t s  r e l a t i v e l y  l i t t l e  s o l u b i l i t y .
A f te r  s e v e r a l  d e te rm in a t io n s , th e  ca lc iu m  c h lo r id e  became s a tu r a te d  
w ith  w a te r ,  and was re p la c e d  so as  to  e l im in a te  th e  p o s s i b i l i t y  o f  
w a te r  g e t t i n g  in to  th e  co ld  t r a p .  A pproxim ately  tw en ty  d e te rm in a tio n s  
w ere made b e fo re  r e p la c in g  th e  ca lc ium  c h lo r id e .
E, C old Trap C o l le c to r
I n i t i a l l y ,  th e  co ld  t r a p  was a  ho llow  6 mm tu b e . Use o f  
r a d io a t iv e  se len iu m  showed t h a t  t h i r t y  to  f o r ty  p e rc e n t  o f  th e  se len iu m  
was p a s s in g  th ro u g h  th e  tu b e  w ith o u t b e in g  l i q u i f i e d  o r  s o l i d i f i e d .
T h is  p rob lem  was e lim in a te d  by  f i l l i n g  th e  t r a p  w ith  3 ^  g la s s  b e a d s . 
The lo s s  was th e n  reduced  to  l e s s  th a n  one p e r c e n t .  C are  was ta k e n  to
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make s u re  th e  co ld  t r a p  was d ry . I f  any m o is tu re  was n o tic e d  i n  th e  
t r a p ,  i t  was removed by p a s s in g  d ry  n i t r o g e n  th ro u g h  th e  t r a p  f o r  
s e v e ra l  m in u te s .
F . C a l ib r a t io n  Curve
A f te r  s o lv in g  th e  problem  o f  r e p r o d u c i b i l i t y ,  a  c a l i b r a t i o n  
cu rv e  was made. A minimum o f  th r e e  d e te rm in a tio n s  w ere made f o r  each 
p o in t  on th e  c u rv e . The d e te rm in a tio n s  d e v ia te d  l e s s  th a n  f iv e  p e r ­
c e n t from th e  av erag e  f o r  each  p o in t  on th e  c u rv e . The cu rv e  was v e ry  
n e a r ly  l i n e a r  below  1 .0  pg o f  se len ium  a s  shown i n  F ig u re  XV. S ev e ra l 
b la n k s  w ere d e term ined  and none w ere found to  exceed th e  n o is e  
l e v e l .  The b la n k  w as, t h e r e f o r e ,  assumed to  be z e ro .
G. E v a lu a tio n  o f  Method
I n  o rd e r  to  a s s e s s  th e  v a lu e  o f  t h i s  m ethod, i t  m ust be com­
pared  w ith  p re v io u s  m ethods o f  a n a ly s is  by flam e a to m iz a tio n  u s in g  a 
p r e - c o n c e n tr a t io n  s t e p .  T h is  com parison i s  sunm arized i n  T ab les  I I  
and I I I .
TABLE I I
Flame F urnace
S e n s i t i v i t y  0 .0 2  ppm 0 .5  ppb
D ec tio n  L im it 0 .0 2  ppm 0 .1  ppb
N oise  L evel 0 .5  pg 5 .0  ng
FIGURE XV 
CALIBRATION CURVE FOR SELENIUM 
USING ATOMIC ABSORPTION SPECTROSCOPY
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TABLE I I I
A bsorbance a s  a  fu n c tio n  o f  q u a n t i ty  o f  se len ium  f o r  flam e and 
fu rn a c e  d e te rm in a t io n s .
A bsorbance -»
Se (fig) Flame Furnace
0 .5 0.01 0.21
1.0 0.01 o.Uo
2.0 0 .02 o.6o
5.0 0.05 -------
10.0 0.10
As a  r e s u l t  o f  th e  n o is e  le v e l  b e in g  red u ced  to  a  minimum 
by th e  u se  o f  a  dem ountable ho llow  cath o d e  lamp, th e  volume o f  th e  
c o ld  t r a p  b e in g  m inim ized to  in c r e a s e  peak sh a rp n e s s , and th e  a lm o st 
q u a n t i t a t i v e  amount o f  se len iu m  re a c h in g  th e  l i g h t  p a th ,  th e  method 
approached th e  d e te c t io n  l i m i t  p o s s ib le  w ith  th e  HGA-2000.
The c o s t  o f  s p e c ia l  equipm ent in c lu d in g  th e  dem ountable 
hollow  c a th o d e  lamp was l e s s  th a n  th e  c o s t  o f  a  c o n v e n tio n a l lamp.
A d e te rm in a tio n  can  b e  made in  te n  m in u te s  o r  le s s  w ith  a  
sim p le  sy stem . A system  cou ld  be dev ised  which would en ab le  one to  
make f i f t e e n  t o  tw enty  d e te rm in a tio n s  in  an h o u r.
H. I n te r f e r e n c e  S tu d ie s
To d e te rm in e  th e  e f f e c t  o f  d iv e r s e  io n s  on th e  d e te rm in a tio n  
o f  se len ium  by f la m e le ss  a tom ic  a b s o rp tio n  sp e c tro sc o p y , enough o f
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each  Io n  was added t o  g iv e  a  100 ppm c o n c e n tra t io n .  The c o n c e n tra t io n  
o f  Na , Mg % Ca 2 , Zn 2 » A1 3 and Fe 3 was 200 ppm. The i n t e r -  
f e re n c e s  were s tu d ie d  by g ro u p s . The d e s ir e d  amount o f  each  io n  
i n  a  p a r t i c u l a r  g roup  was added to  a  sam ple c o n ta in in g  1 .0  o f  
se le n iu m  in  50 ntls o f  s o lu t io n .  A d e te rm in a tio n  was made by th e  
recommended p ro c e d u re . The fo llo w in g  groups w ere s tu d ie d :
Group I  Li+ , Na+ , K+, Ag+ , Cu+2
Group I I  Be"*"2 , Mg+ 2, Ca+2, Sr+ 2 , Ba+2, Hg+ 2, Cd+ 2 , Zn+S
Group I I I  BO33, B4 CV'2 , Ce+3, Al+3
Group IV CO32 , Sn+ 4 , S i03"2 , Pb+2
Group V NhJ, NO3 ,  HP04“2 , Sb+3, HAs042 , B i+ 3 , VO33
Group VI Cr+3, Cr2 0^p , Te032
Group V II f " ,  C l" ,  B r" , l " ,  Mn+2
Group V I I I  Fe+3, Co+ p , Ni+2
One d e te rm in a tio n  was made i n  w hich a l l  th e  io n s  w ere p r e s e n t .  
In  no  in s ta n c e  was I n te r f e r e n c e  o f  more th a n  f iv e  p e rc e n t o b se rv ed , 
a l l  r e s u l t s  f e l l  w i th in  e x p e rim en ta l e r r o r .
These r e s u l t s  should  b e  expec ted  b ecau se  o f  th e  s e l e c t i v i t y  
o f  h y d r id e  p ro d u c tio n , co ld  t r a p  c o n c e n tra t io n ,  and a tom ic  a b s o rp t io n  
d e te rm in a tio n . The com bination  o f  th e s e  e l im in a te s  a l l  i n t e r f e r e n c e s .
I .  C o n clu sio n
A sim p le , s e n s i t i v e ,  and s p e c i f i c  method fo r  th e  d e te rm in a tio n  
o f  se le n iu m  has b een  developed u s in g  a tom ic  a b s o rp tio n  s p e c tro sc o p y . 
R e a c tio n  p a ram ete rs  su ch  as  tim e o f  r e a c t io n ,  re a g e n t c o n c e n tra t io n ,
and d ry in g  a g e n ts  have t e e n  s tu d ie d  i n  d e t a i l  and optimum c o n d itio n s  
have b e e n  e s ta b l is h e d  f o r  th e  sy stem . The p ro d u c tio n , c o n c e n tra t io n ,  
and d e te rm in a tio n  m ethods e l im in a te  a l l  i n t e r f e r e n c e s .  The method 
can b e  used  to  d e te rm in e  a s  l i t t l e  a s  5 ng o f  se len iu m . B ecause o f  
th e s e  f a c t s ,  th e  method i s  d i r e c t l y  a p p l ic a b le  to  th e  a n a ly s is  o f  
w a te r  sam ples and r e q u i r e s  no p re l im in a ry  tre a tm e n t.
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TABLE IV
STATISTICAL ANALYSIS OF ABSORBANCE 
AT VARIOUS LEVELS OF SELENIUM
Number o f  






D e v ia tio n
i n
M icrogram s
8 0 .1 .0126 ±  .015
8 0 .5 .0501; + .O b i
8 1.0 .0878 ± .072
8 2.0 .1252 ± .096
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